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USE OF B (3-TRIHALdMETHYLPHENOXY) (4-HALOPHENYL) 
ACETIC ACID DERIVATIVES FOR TREATMENT OF INSULIN 
RESISTANCE, TYPE 2 DIABETES, HYPERLIPIDEMU AND 
HYPERURICEMIA 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a contiiiuationrin-pait of application Serial No. 
09/325,997 filed on June 4, 1999, which is herein incorporated by reference for all 
purposes. 

FIELD OF THE INVENTION 

The present invention relates to Ae use of (-) (3-trihalomethylphenoxy) 
(4-halophenyl) acetic acid derivatives and compositions in the treatment of insulin 
resistance, Type 2 diabetes, hyperlipidemia and hyperuricemia. 

BACKGROUND OF THE INVENTION 

Diabetes mellitus, commonly called diabetes, refers to a disease pxocess 
derived fiom multiple causative factors and characterized by elevated levels of plasma 
ghicose, refeired to as hyperglycemia. See, e.g., LeRoith, et al., (eds.)> Diabetes 
MELLmJS (Lippincott-Ravra Publish^ Philadelphia, PA U.SA. 1996), and all 
references cited therein. According to (he American Diabetes Association, diabetes 
mellitus is estimated to a£fect approximately 6% of the world popukdon. Uncontrolled 
hyp^ycemia is associated with inoeased and premature mortality due to an increased 
risk for microvascular and macrovascular diseases, including nq)hropathy, neuropathy, 
retinopathy, hypertension, cmbrovasqular disease and coronary heart disease. Therefore, 
control of glucose homeostasis is a critically important approach for the treatmrat of 
diabetes. 

There are two major fprms of diabetes: Type 1 diabetes (formearly referred 
to as insulin-dependent diabetes or IDDM); and Type 2 diabetes (formerly referred to as 
non-insulin d^endent diabetes or NIDDM). 

Type 1 diabetes is the result of an absolute deficiency of insulin, the 
hormone which regulates glucose utilizatioa This insulin deficiency is usually 
characterized by p-cell destraction within die Islets of Langerlians in the pancreas, ^ch 
usually leads to absolute insulin deficiency. Type 1 diabetes has two forms: Immune- 
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Mediated Diabetes Mellitus, which results fix)m a cellular mediated autoimmune 
destruction of the p cells of the pancreas; and Idiopathic Diabetes Mellitus, which refers 
to forms of the disease that have no known etiologies. 

Type 2 diabetes is a disease charactmzed by insulin resistance 
S accompanied by relative, rather fbm absolute, insulin deficiency. Type 2 diabetes can 
range from predominant insulin resistance with relative insulin defici»icy to predominant 
insulin deficiency with some insulin resistance. Insulin resistance is the diminished 
ability of insulin to exmt its biological action across a broad range of concentrations. In 
insulin resistant individuals, the body secretes abnormally high amounts of insulin to 

10 compensate for this defect. When inadequate amounts ofinsulin are present to 
compensate for insulin resistance and adequately control glucose, a state of impaired 
glucose tolerance develq)s. In a significant number of individuals, ii^in season 
declines furflier and the plasma ghicose level rises, resulting in the clinical state of 
diabetes. Type 2 diabetes can be due to a pn>found resistance to insulin ^imulati^ 

15 regdatory effects on glucose and lq)id metabolism in Ae main insulin-s^ 

muscle, livor and adipose tissue. This resistance to insulin responsiveness results in 
insufficient msulin activation of glpcose uptake, oxidation and storage in muscle and 
inadequate imuHn repressi(m of lipolysis in adq)ose tissue and of ghicose production and 
secretion in liver. Jn Type 2 diabetes, fi:ee firtty acid levels are often elevated in obese 

20 and some non-obese patients and lipid oxidation is increased 

Prematme development of aflietosclerosis and increased rate of 
cardiovascular and periphoal vascular diseases are characteristic features of patients with 
diabetes. Hyperlipidemiaisaninqxxrtantpredpitating&ctorforthesedise^ 
Hyperlipidemia is a condition gaierally charactmzed by an abnormal increase in seium 

25 lq>ids in the bloodstream and is an important risk factor in developing atbmsclmsis and 
heart disease. For a review of disorders of lipid metaboUsm, see^ eg., Wilson, J. er a/., 
(ed.). Disorders of L^id Metabolism, Chapter 23, Textbook of Endooinology, 9*** 
Edition, (WB. Sanders Cbmpany, Philadelphia, PA USA 1998; this reference and all 
r^ft^ces cited Aerein are herdnincorated by reference). Serum lipoproteins are the 

30 carriers for ]q)ids in the circulation. Th^r are classified according to their densi^ 
cfaylbmicrons; very low-density lipoproteins (VLDL); int^ediate density lipoproteins 
(IDL); low density lipoptotdns (LDL); and hig^ density lipoproteins (HDL). 
Hyperlipidemia is usually classified as primary or secondary hyp^lipid^a. Primary 
hyperlipidemia is generally caused by goietic defects, visile secondary hyperlipidemia is 
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generally caused by othor &ctors, such ds various disease states, drugs, and dietary 
&ctors. Alternatively, hyperlipidemia can result from both a combination of primary and 
secondary causes of hyperlipidemia. Elevated dK)Iesterol levels are associated with a 
niimber of disease states, including coronary artery disease, angina pectoris, carotid arteiy 
S disease, strokes, cerd>ral arteriosclerosis, and xanthoma. 

Pyslipidemia, or abnormal levels of lipoproteins in blood plasma, is a 
frequent occurrence among diabetics, and has bera shown to be one of the main 
contributors to the increased incidence of coronaiy events and deaths among diabetic 
subjects (see, eg., Joslin, R Ann, Chim. Med. (1927) S: 106M079). ^idemiological 

1 0 studies since then have confirmed the association and have shown a several-fold increase 
in coronary deaAs among diabetic subjects when compared with nondiabetic subjects 
{see, eg., Garcia, M. J. el a/., Diabet^ (1974) 23: lOS-1 1 (1974); and Laakso, M. and 
Uhto,S.,Z}uii^iteWw5 (1997) 5(4): 294*315). Several lipoprotein abnormalities 
have been described among diabetic subjects (Howard B., ei al, Artherosclerosis (197S) 

15 30:153-162). 

Previous studies from the 1970's have dmonstrated the effectiveness of 
racemic 2-acdamidoethyl (4-Ghlorophaiyl) (3-trifluoromediy^henoxy) acetate (also 
known as *1udofenate") as a potential therapeutic agent to treat Type 2 diabetes, 
hyp^lipidemia and hyperuricemia {see, eg., Bolhofer, W., US. 3,517,050; Jain, A. et oL, 

20 N. Eng. XMed. (1975) 293: 1283-1286; Kudzma, D. et al.,Diabetes (1977) 25: 291-95; 
KoiA,E.eiaL,DiabetesCare{im)7: l9'2A;Mchfahon,F.G.eiaL,Univ. Mich. Med. 
Center J. (1970) 36: 247-248; Sunori, Cetal., Upids (1972) 7: 96-99; Morgan. J J. et 
aU Clin. Pharmacol. Iherap. (1971) 12: 517-524, Aronow, W.S. et aL, Qin. Pharmacol 
Ther (1973) 14: 358-365 and Fanelli, G.M. et aL, 7. Pharm. Experimental Then^eutics 

25 (1972) 1 80:377-396). In diese previous studies, the effect of raconic halofenate tfn 
diabetes was observed ^en combined with sulfonylureas. A minimal effect on glucose 
was obs^ed in pa^oits with diabetes treated with racemic halofenate alone. However, 
significant side effects wctc noted including gastrointestinal bleeding from stomach and 
. pq)tic ulcers {see, eg., Friedberg, S J. et al, Clin. Res. (1986) Vol. 34, No. 2: 682A). 

30 In addition, there were some indications of drug-drug interactions of 

racemic halofoiate with agents such as warfarin sulfate (also refen^ to as 3-(alpha- 
acetonylben2yl)-4-hydroxycoumarin or Coumadin™ (Diqwnt Pharmaceuticals, E. I. 
Dupont de Nonours and Co., Inc., Wihnington, D£ U.S.A.) {see, eg., Vesell, £. S. and 
Passantanti, GJ., Fed. Proc (1972) 31(2): 538). Coumadin^ is an anticoagulant that 
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acts by inhibiting the synfliesis of vitamin K dq)endent clotting factors (which include 
Factors U, VII, IX, and X» and the anticoagulant proteins C and S). Coumadin^ is 
. beUevedtobester€ospecificanymetd)olizedbyhq)aticniicrosomdenz^ 
cytochrome P4S0 enzymes). The cytodnome P4S0 isozymes involved m the metabolism 
5 of Coumadin include 2C9, 2C19, 2C8» 2C18, 1A2, and 3A4. 2C9 is likely to be fhe 
principal form of human liver P450 which modulates in vivo drug metabolism of several 
drugs including the anticoagulant activity of Coumadin™ {see^ e.g., Minm, J. 0. et aL, 
BrL J. Clin. Pharmacol. (1998) 45: 525-538). 

Drugs that inhibit the m^olism of Coumadin™ result in a iiirther 

10 decrease m vitamin K iepeadmi clotting &ctors that prevents coagulation more than 
desired in patients receiving such therq>y (/.e, patiadts at risk for puhnonary or cerebral 
embolism fibm blood clots in their lowar extromties, heart or other sites). Simple 
reduction of the dose of anticoagulant is often difficult as one needs to maintain adequate 
anticoagulation to prevent blood clots fiom forming. The increased anticoagulation fiom 

15 drug-drug interaction results in a significant risk to such patients with the possibility of 
sevrn bleeding fitmi soft tissue injuries, gastrointestinal sites {Le., gastric or duodenal 
ulcers) or odier lesions (<.e., aortic aneurysm). Bleeding in Ae face of too much 
anticoagulation constitutes a medical emergency and can result in death if it is not treated 
immediately with ^propriate therq)y. 

20 Cytochrome P450 2C9 is also known to be involved in the metabolism of 

several other commonly used drugs, including dilantin, sulfonylureas, such as 
tolbutamide and several nonsteroidal anti-inflammatory agents, such as ibuprofen. 
Inhibition of this enzyme has the potential to cause other adverse effects related to drug- 
drug interactions, in addition to those described above for Coumadin™ {see, e.g., 

25 Pelkonen, 0. et al, Xenobiotica (1998) 28: 1203-1253; Linn, J.H. and Lu, A.Y., Clin. 
PAflnnacoitoier. (1998) 35(5): 361-390). 

Solutions to the above difficulties and deficiencies are needed before 
halofenate becomes effective for routine treatment of insulin resistance. Type 2 diabetes, 
hyperlipidemia and hyperuricemia. Hie present invention fiilfiUs this and other needs by 

30 providing compositions and methods for alleviating insulin resistance, T^pe 2 diabetes, 
hyperlipidemia and hypieruricemia, while presenting a better adverse effect profile. 
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SUMMARY OF THE INVENTION 

This ptesesA invention provides a m^od of modulatii^ Type 2 diabetes in 
a manmial. The method comprises administering to the mammal a then^euticaUy 
effective amount of the (-) stocoisoma of a compound of Fonnula I, 



0) 

wherein R is a mCTber selected fnm the groq) consisting of a hydroxy, Iowa* aralkoxy^ 
di-lower alkylamino-lower alkoxy, lower alkanamido lower alkoxy, baizamido-lower 
allcoxy, nreido-lower alkoxy, N*4ower alkyl-iireido-lower aOcoxy, caibamoyMowor 

10 alkoxy, halophenoxy substituted lower alkoxy, carbamoyl sabstituted phenoxy, caibonyi- 
lower alkylamino, N^-di-Iower aOcylamino-lower alkylamiho, halo substituted lower 
alkylamino, hydroxy substituted lower alkylamino, lower alkanolyloxy substituted lower 
alkylamino, ureido, and lower alkoxycaKboi^lamino; and X iis a halogoi; or a 
pharmaceutically accq)table salt thereof \\ii^em the compound is substantially free of its 

15 (+) stereoisomar* 

Some such methods fuith^ comprise a compound of Fonnula 11: 

0. r2 



(ID 

wherein is a member selected from the group consisting of pbrayl-lower alkyl, lower 
20 alkanamido-lower alkyl, and benzamido-lowo^ alkyl. 

Some sudi mefliods fiulfaer conpise a compound of Formula IQ: 
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• /CH3 



CF3 

m 

The prefored conq)omid of Fonnula III is known as ^(-) 2-acetaniidoethyl 
4<hloropheiQrl-(3-trifluoiDmethylphenoxy)-ace^ or halofenate.** 
5 The present invention furtfa^ provides a method for modulatmg insulin 

resistance in a mammal. This method conq)rises administering to the mamnial a 
therapeutically effective amount of die (-) stmoisomer of a compound of Formula 1. 
Some such methods finlher comprise a conq)ound of Fonnula n. Some such m^hods 
further conq>rise a compound of Fomiuto nL 

10 The present invention further provides a mediod of alleviating 

hyp^lipidemia m a mammal. This mediod comprises admmistaing to the mammal a 
therapeutically effective amount of a compound of Fonnula L Some s^^ 
further coinprise a con^Kyund of Fonnula IL Some wh methods further comprise a 
compound of Formula m. 

IS The present inventicm further provides a method of modulating 

hyperuricemia in a mammal. This method con^rises administering to the mammal a 
ther^eutically effective amount of a conq)ound of Formula L Some such methods 
further conq)ri5e a compound of Fonnula n. Some such methods further con^rise a 
compound of Formula 

20 The present invention also provides pharmaceutical compositions. The 

pharmaceuticai compositions comprise a pharmaceutically acceptable carrier and a 
therq)eutically effective amount of a confound of Fonnula I, Fonnula n or Formula ID. 

BRIEF DESCRimON OF THE DRAWINGS 

Figure 1 shows the inhibition of i^tochrome P4S0 2C9 (CYP2C9) activity 
25 by racemic halofenic add, (-) halofoiic add and (-f ) halofenic add The hydroxyhdon 
of tolbutamide was measured in the presence of increasing concentrations of these 
compounds. Racemic halofenic add inhibited CYP 2C9 activity widi an ICSO of 0.45 
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|iM and (+) halofenic acid inhibited CYP 2C9 with an IC50 of 0.22 jiM. In contrast, the 
(-) halofenic acid was 20-fold less potent with an apparent IC50 of 3.5 \M. 

Figure 2 shows the time course of glucose-lowering following a single oral 
dose of racemic halofenate, (-) enantiomer of halofi^ate or (+) enantiomer of halofenate 
S at 250 mg/kg in diabetic ob/ob mice. The (-) enantiom^ showed the most rapid onset of 
action and the longest duration of action. The decrease in glucose was significant 
(p<0.05) for the (-) enantiomer compared to ccmtrol for all points fiom 3 to 24 hours. 
RacCTic halofenate and the (+) enantiomer were also significant (p<0.05) for all points 
fix>m 4.5 to 24 hours. The plasma ghicose at 24 hours was 2171 16.4 mg/dl in animals 

10 treated with the(-) oiantiom^, compared to 306 ± 28.5 mg/dl and 259.3 ± 20.8 mg/dl for 
animals treated with the (+) enantiomer and the lacemate, respectively. The plasma 
glucose in the vehicle treated controls was 408 ± 1 6.2 mg^dl at 24 hours. The (-) 
enantiomer was more effective and significantly different (p<0.05) irom the (+) 
enantiomer at both the 3 hour and 24 hour time points. 

IS Figure 3 shows die ability of racCTic halofenate and botii the (-) and (+) 

enantiomets of halofenate to lower plasma glucose in diabetic ob/6b mice following daily 
oral administration. The racemate was given at a dose of 250 mg/kg/day and Ifae 
enantiomers were given at doses of 125 mg/kg/day and 250 mg/kg/day. Significant 
decreases in glucose levels relative to control animals were d>served in animals treated 

20 with m&adc halofenate and both the (-) and (+) enantiomers. At the low dose (125 
mg/kg) of treatment' with the (-) and (+) enantiomos, the (-) »iantiomer was significant 
at 6, 27 and 30 hours whereas the (+) aiantiomer was significant at only 6 and 27 hours. 

Figure 4 shows the plasma insulin levels in the ob/ob mice treated with 
rac^c halofenate and both the (-) and (+) enantiomers of halofenate in diabetic ob/ob 

25 mice following daily oral administration. The racemate was given at a dose of 250 
mg/kg/day and the enantiomers were given at doses of 125 mg/kg/day and 250 
mg/kg/day. Rekitive to ttie vehicle control, insulins were lower in the animals treated 
with either the rac^nate or eitiier of the enantiomers of halofenate. At the high dose, the 
greatest extent of reduced plasma insulin was noted at 27 and 30 hours in animals treated 

30 with both the (-) and (+) enantiomers of halofenate following two days of treatment 

Figure 5 shows plasma ghicose levels following an overnight fiist in ob/ob 
mice after 5 days treatment wi& vehicle, racemic halofenate at 250 mg/kg/day, (-) 
enantiomer of halofenate at 125 mg/kg/day and 250 mg/kg/day or (+) enantiomer of 
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halofenate at 125 mg/kg/day or 250 mg^g/day. The contiol animals were bypofglycemic. 
with plasma glucose levels of 185.4 ± 12.3 mg^dl. All of flie animals treated with 
halofenate showed significant (p < 0.01) reductions in glucose. The high doses of both 
Qoantiomm lowered the glucose to near normal levels at 127.3 ± 8.0 mg/dl. and 127.2 ± 
5 9.7 mg/dl for the (-) enantipmer and (+) enantioma* treated animals, respectively. 

Figure 6 shows the oyemight fasting plasma insulin levels in the ob/ob 
mice treated with vehicle, racemic halofcsiate at 250 mg/kg/day, (-) oiantiomer at 125 
mgflcjg/day and 250 mg/kg/day or(+) enantiomer of halofenate at 125 mg/kg/day or250 
mg/kg/day for 5 days. Significantly lower plasma insuUns were observed in animals 

10 receiving both doses of (-) enantiomer. The low dose of (+) enantiomer of halof^e did 
not low^ plasma insulin, although the high dose of the (+) ^lantiomer resulted in a 
decrease in plasma insulin. 

Figure 7A shows plasma glucose levels following an oral glucose 
challenge in Zucker fatty rats, a model of insulin resistance and Impaired Glucose 

15 Tolerance. These animals were treated with either a vehicle control, racemic halofoiate, 
{-) halofenate or (+) halofenate 5.5 hours prior to the ghicose challmige. The racemate 
was given at 100 mg/kg and both of the enantiomers were given at 50 and 100 mg/kg. In 
the control animals the glucose rose to >250 mg/dl 30 minutes after the challenge, a clear 
indication of impaired ghicose tolerance. The plasma glucose was reduced in rats that 

20 had received racemic halofenate, especially between 30 - 60 minutes after the challenge. 
Animals that received the (-) halofenate at 100 mg/kg had the greatest degree of glucose- 
lowering of all tfie treated animals. Animals treated with the (-) halofenate had lower 
glucose levels that persisted at 90-120 minutes, compared to those rats treated with the 
racemate or (+) halofenate. Figure 7B compares the incremental area under the curve 

25 (AUC) for the animals m each group. Significant changes (p<0.05) were noted in the 
ffoxxps treated with both doses of the (-) halofenate. Aldiou^ the AUC was lower m the 
other groups relative to the control, the changes were not significant 

. Figure 8 shows the results of a short insulin tolerance test in Zucker fatty 
rats that were treated with either a vehicle control, (-) halofenate (50 mg/kg/day) or (+) 

30 halofoiate (50 mg/kg/day) for 5 days. This test is a measure of the insulm sensitivity of 
the test animals, ^ slope of the decline in glucose rqiresoiting a direct measure of 
insulin responsiveness. The (-)halofmkte"tieated animals woe significantly more 
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insulin sensitive than the vehicle-treated (p < 0.01) or the (-*■) halofenate-treated (p < 0.05) 

t 

animals. 

Figure 9A shows plasma cholesterol levels in Zucker Diabetic Fatty rats 
treated for 13 days with racemic halofenate, (~) enantiomer or (+) enantioraer at.50 
mg/kg/day, 25 mg/kg^day or 25 mg/kg/day, respectively, relative to a vehicle treated 
control group. In both the (-) enantiomer and lacemate treated animals, the plasma 
cholesterol declined with treatment. The cholesterol in the (+) enantiomer treated animals 
remained relatively constant, whereas cholesterol rose in the control animals. Figure 9B 
compares the differences in plasma cholesterol between the control group and the treated 
gn)iq>s. The (-) enantiomo- was the most active of the species tested. 

Figure 1 OA shows plasma cholesterol levels in Zucker Diab^c Fatty rats 
treated for 14 days with eith^ (-) oiantiomer or (^) enantiom^ of halofenate at dth^ 
12.5 mg/kg/day (Low dose) or 37 J mg/kg/day (High dose) relative to a vehicle treated 
control groiq). In the anunals treated with the high dose, the (-) enantiomer resulted in 
ibc greatest ^t^ of cholesterol lowering. Figure lOB compares the diff^ioices in 
plasma cholesterol betweoi the contro] and treated groq>s. There were significant 
diff«:races in the animals treated with the (-) enantiomer after 7 days at the low dose and 
after both 7 and 14 days at die high dose. Hie (+) enantiomo' showed significance only 
after 7 days of treatment at the high dose. 

Figure 1 1 A shows plasma triglyceride levels in Zucker Diabetic Fatty rats 
treated with either (-) oiantiomer or (+) raantiomer at eitfa^ 12.5 mg/kg/d^ (Low dose) 
or 37.5 mg/kg/day (High dose) relative to a vcUcle treated control groiq). Animals 
treated with the hig^ dose of the (-) enantiomer had the lowest triglyceride levels of all 
the tieatmait groups. Figure 1 IB compares the differences in plasma triglyceride 
between the control and treated groups. At 7 days, the high dose of both the (+) and (-) 
enantiomas showed significant lowering of plasma triglyceride. 

Figure 12 shows plasma glucose levels in Zucker Diabetic Fatty rats 
treated with v^cle»(-)halofenateor(+)halofoiate at day 0, day 2 and Treatment 
wifli (-) halofoiate significantly reduced plasma ghicose concentrations as compared to 
vdude-treated animals. 

Figure 13 shows plasma glucose concentrations in a control group of 
C57BL/6J db/db mice versus in a group treated with (-) halofenate. Plasma glucose 
levels in the control group increased progressively as animals aged, n^e the mcrease of 
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plasma glucose levels in the (-) halofenate treated group was prevented or significantly 
delayed 

Figure 14 shows plasma insulin levels in a control group of C57BL/6J 
db/db mice versus in a group treated with (-) halofenate. Treatm^t with (-) halof^iate 
5 nuuntained the plasma insulin concentration, while plasma insulin in the control group 
deceased progressively. 

Figure 15 shows the percentage of non-diabetic mice in a control group of 
C57BL/6J db/db mice versus in a groiq) treated with (*) halofenate. About 30% of mice 
in tiie (-) halofoiate treated groiq> did not develop diabetes (plasma glucose levels <250 
10 mg/dl), while all oif the control group did by the age of 10 weeks. 

Figure 16 shows plasma triglyceride levels in a control group of CS7BL/6I 
db/db mice versus in a group treated with (-) halofenate. Treatment with (-) halo^ 
alleviated hyperiipidrnnia, while there was no alleviation in the control group. 

Figure 1 7 shows die effect of (-) halofenate and (+) halofenate on plasma 
1 S uiic acid levels in oxonic acid induced hypeniricemic rats. Oral administration of (-) 
halofenate significantly reduced plasma uric acid levels. (+) Halofenate also lowered 
plasma uric acid levels, but it was not statistically significant. 

DEnNinONS 

20 The term "'manund'^inchides, without limitation, humans, domestic 

animals (eg., dogs or cats), fium animals (cows, horses, or pigs), monkeys, rabbits, mice, 
and laboratory animals. 

The term 'insulin resistance" can be defined genmlly as a disorder of 
ghicbsemetabolisuL More specifically, insulin resistance can be defined as the 

25 diminished abiUtyofinsulin to exert its biological action across a broad range of 

concentrations producing le^ than the ^ected biologic effect {see, e.g., Reaven, G. M., 
J. Basic & Clin. Phys. d Pham. (1998) 9: 387-406 and Flier, J. Ann Rev. Med. (1983) 
34: 145-60). Itasulin resistant persons have a dimmished ability to properly metabolize 
ghicose and res^nd poorly, if at all, to insulin therqiy. Manifestations of insufin 

30 resistance inchide insufiBcient insulin activation of ghicose intake, oxidation and storage 
in muscle and madequate insulin rq)ressi(m of lq)olysis in adipose tissue and of ghicose 
production and secretion in liver. Insulm resistance can cause or contribute to polycystic 

10 
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ovarian syndrome, Impaired Glucose Tolerance (IGT), gestational diabetes, hypertension, 
obesity, atherosclerc^s and a variety of other disorders. Eventually, the insulm resistant 
individuals can progress to a point where a diabetic state is reached. The association of 
insuUn resistance with ghicose intolCTnce, an inoease in plasma triglyceride and a 
S decrease in higb-doisity lipoprotein cholesterol concentrations, high blood pressure, 
hyperuricemia, smaller denser low-density lipoprotein particles, and high^ circulating 
levels of plaminog^ activator inhibitor*!), has been refmed to as **Syndrome X*' {see^ 
eg., Reaven, G. M., PhysioL Rev. (1995) 75: 473-486). 

The tenn ""diab^es mellitus** or "diabetes" means a disease or condition 

10 Oat is generally characterized by metabolic defects in production and utilization of 
glucose which result in the faUure to maintain q^propriate blood sugar levels in Ae body. 
The result of these defects is elevated blood ghicose, refmed to as ^hyperglycemia." 
Two major forms of diabetes are Type 1 diabetes and Type 2 diabetes. As described 
above, T^e 1 diabetes is goierally die result of an absohite deficiency of insulin, the 

IS hormone which regulates glucose utilization. Type 2 diabetes often occurs in the fitce of 
noimal, or even elevated levels of insulin and can result fiom the inability of tissues to 
respond apfnqmately to insulin. Most Type 2 diab^c patients are insulin resistant and 
have a relative deficient of insulin, in that insulin sea:etion can not compensate for die 
resistance of periphml tissues to re^oiad to insulin. In addition, many Type 2 diabetics 

20 are obese. Ofhet types of disorders of glucose homeostasis include Impaired Glucose 
Toloance, which is a metabolic stage mtemiediate betweai normal glucose home(»tasis 
and diabetes, and Gestational Diabetes Mellitus, which is glucose intolerance in 
pregnancy in women with no previous history of Type 1 or Type 2 diabetes. 

The teim "secondary diabetes" is diabetes resulting fiom other identifiable 

25 etiologies which include: genetic defects of p cell function {e,g, , maturity onset-type 
diabetes of youth, referred to as "MODY," which is an early-onset form of Type 2 
diabetes with autosoinal inheritance; see, e.^., Fajans S. et al, Diabet Med (1996) (9 
Suppl 6): S90*5 and Bell, G.eiaL.Annu. Rev. PhysioL (1996) 58: 171-86; genetic 
defects in insulin action; diseases of the exocrine pancreas {eg., hemochromatosis, 

30 pancreatitis, and cystic fibrosis); certain endocrine diseases in which excess hormones 
interfere with insulin action (e.g., growth hormone in acromegaly and Cortisol in 
Cushing's syndrome); certain drugs that si^ress insulin secretion (eg., phenytoin) or 
inhibit insulin action {e.g,, estrogens and glucocorticoids); and diabetes caused by 
infection (eg., rubella, Coxsackie, and CMV); as well as other genetic syndromes. 



11 



wo 00^4666 



PCT/DS0MS35 



The guidelines for diagnosis for Type 2 diabetes, impaired glucose 
tolerance, and gestational diabetes have been outlined by the American Diabetes 
Association (see^ eg. , The Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus, Diabetes Care, (1999) Vol 2 (Suppl 1): SS-19). 
5 The term 'lalofenic acid" refers to the acid form of 4-Chlorophenyl-(3- 

trifluaromethylphenoxy)-acetic acid. 

The term '*hyperinsulinemia" refers to the presence of an abnormally 
elevated level of insulin in the blood. 

The tenn ''hyperuricemia" refers to the presence of an abnormally elevated 
10 level of uric add in the blood. 

Tlie term "secr^gogue" means a substance or conq>ound that stimulates 
secretioa For example^ an insulin secret^ogue is a substance or compound that 
stimulates secretion of insulin. 

The temi 'lionoglobin" or "Hb" refos to a respiratory pigment present in 
15 erydm>cytes, which is largely responsible for oxygen transport. A hemoglobin molecule 
comprises four polypq)tide subunits (two a chain systems and two p chain systems, 
respectively). Each subunit is fomied by association of one globin protein and one heme 
molecule \)diidi is an in>n-protopoiphyiincon9>lex. The nugor class of hemoglobin 
found in normal addt hemolysate is adult hanoglcA)in (referred to as 
20 refened to HbAo for distingui^g it from glycated hemoglobm, which is referred to as 
"HbAi " described n^a) having aipz subunits. Trace components such as.HbAi (0382) 
can also be found in normal aduH hemolysate. 

Among classes of adult banoglobin HbAs, there is a glycated hemoglobin 
(refoied to as 'HbAi " or ''glycosylated honoglobin"), i^ch may be further fractionated 
25 mto HbAiab HbAia2> HbAib» and HbAic with an ion exchange resm fractionation. All of 
these subclasses have the same primary structure, whidi is stabilized by formation of an 
aldimine (Sdiifif base) fay the amino group of N-tenmnal valine in the P subunit chain of 
normal hemoglobin HbA and glucose (or, glucose-6-phosphate or fructose) followed by 
formation of ketoamine by Amadori rearrangement. 
30 The term "glycosylated hemoglobin" (also referred to as "HbAk,", "GHb", 

'li^oglobin • glycosylated" "diabetic control index" and "glycohemoglobin"; 
hereinafter referred to as "h^oglobin Ajc*') refers to a stable product of the nonoizymatic 
glycosy lation of the ^-chain of hemoglobin by plasma glucose. Hemoglobin Aie 
comprises the main portion of glycated hemoglobins in the blood. The ratio of 
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glycosylated hemoglobin is proportional to blood glucose level. Therefore, hemoglobin 
Ale ntte of formation directly increases with increasing plasma glucose levels. Since 
glycosylation occurs at a constant rate during the 120-day lifespan of an erythrocyte, 
measurement of glycosylated hemoglobin levels reflect the average blood glucose level 
5 for an individual during die preceding two to three months. Therefore determination of 
the amount of glycosylated hemoglobin HbAic can be a good index for carbohydrate 
metabolism control. Accordingly, blood glucose levels of the last two months can be 
estimated on the basis of the ratio of HbAic to total hemoglobin Hb. The analysis of the 
hemoglobin Aic in blood is used as a measuremoxt enabling long4emi control of blood 

10 glucose level {see, eg., Jain, S., et aL.Diabetes (1989) 38: 1539-1543; Peters A, et aL, 
JAMA (1996) 276: 1246-1252). 

The "synq>tom" of diabetes, includes, but is not limited to, polyuria, 
polydipsia, and polyphagia, as used herein, incorporating tiidr 00^ For 
exao^le, '^lyuria*' means the passage of a large volume of mine during a given period; 

15 '^lydipsia'' means duonic, ^cessive thirst and "polyphagia*" means excessive eating. 
OAer syn^toms of diabetes include, e.;., increased suscqitibility to colain infections 
(especially fimgal and staphylococcal infections), nausea, and ketoacidosis (enhanced 
production of ketone bodies in the blood). 

The tCTi "complication*' of diab^es inchides, but is not limited to, 

20 microvascular complications and m8crovascularconq>lications. Microvascular 
• complications are diose complications whidi g^^ly result in small blood vessel 
damage. These conq;)lications include, e.g:, rednopa&y (the impairment or loss of vision 
due to blood vessel damage in the eyes); neuropathy (nerve damage and foot problons 
due to blood vessel damage to the novous system); and nq>hropafliy (kidney disease due 

25 to blood vessel damage in the kidneys). Macrovascular complications are those 
complications viiiidi goieralfy result fiom large blood vessel damage, lliese ' 
complications include, eg., cardiovascular disease and po^heral vascular disease; 
Cardiovascufar disease refers to diseases of blood vessels of the heart See, eg., Kaplan, 
H M, aU ''Cardiovascular diseases" in H&alth and Human Behavior, pp. 206-242 

30 (Mc(3raw-Iiill, New York 1993). Cardiovascular disease is gonally one of several 
fonos, inchiding, eg;, hypertension (also referred to as high blood pressure), coronary 
heart disease, stroke, and rteumatic heart disease. Peripheral vascular disease refers to 
diseases of any of the blood vessels outside of the heart Itisoftenananowingofthe 
blood vessels that carry blood to leg and arm muscles. 
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The Um "athmscl^sis^ encompasses vascular diseases and conditions 
that are recognized and understood by physicians practicing in the relevant fields of 
medicine. Atherosclerotic cardiovasciilar disease, coronary heart disease (also known as 
coronary artery disease or ischemic heart disease), cerebrovascular disease and peripheral 
5 vessel disease are all clinical manifestations of atherosclerosis and are therefore 
encompassed by the terms "atherosclerosis" and "atherosclerotic disease". 

The term "antihyperlipidcmic" refers to the lowering of excessive lipid 
concentrations in blood to desired levels. 

The term "antiuricemic" refers to the lowering of excessive uric acid 
10 concentrations in blood to desired levels. 

The term "hyperlipidemia" refers to the presoice of an abnormally . 
elevated level of lipids in the blood. Hyperlipidmia can spp&a in at least three forms: 
(1) hypercholesterolemia, Le., an elevated cholesterol level; (2) hypertriglyceridemia, ie, 
an elevated triglyceride level; and (3) combined hyp^lipidemia, a combination of 
1 S hypercholesterol^a and hypertriglycerid^a. 

The term ''modulate" refers to the treating, prevention, suppres^on, 
enhancemait or induction of a function or condition. For example^ the compounds of die 
present invention can modulate hyperiipidonia by lowoing diolesterol in a human, 
thereby suppressing hyperlipidemia, ; : 

20 The torn 'treating" means the management and care ofa human subject 

for the purpose of combating the disease, condition, or disorder and includes the 
admmistration of a conqx)und of the present invention to prevent the onset of the 
symptoms or complications, alleviating the symptoms or conq)licatiQns, or elimmating 
the disease, condition, or disorder. 

25 Hie tenn "^eventinif means thie managemoit and care of a human 

subject such that the onset of symptoms of a disease, condition or disorder does not occur. 

The term **diolesteror refers to a steroid alcohol tiiat is an essoitial 
coinponent of cell monbranes and myelin sheaths and, as used herein, incorporates its 
common usage. Cholesterol also serves as a precursor for steroid hormones and bile 

30 acids. 

The tern 'tnglyceride(s)" (TGs'^ as used herein, incorporates its 
commonusage. TGs consist ofthree My acid molecidesesterified to a giycaol 
molecule and s^e to store fatty acids which are used by muscle cells for energy 
production or are takoi up and stored in adipose tissue. 
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Because cholesterol and TGs are water insoluble^ they must be packaged 
in special molecular complexes known as "Upoproteins'' in order to be transported in the 
plasma. Lipoproteins can accumulate in the plasma due to overproduction and/or 
deficient removal. Th^e are at least five distinct lipoproteins differing in size, 
5 composition* density, and function. In the cells of the smaU of the intestine, dietary lipids 
are packaged into large lipoprotein conq)lexes called "chylomicrons", which have a high 
TG and low-cholesterol content. In the liver, TG and cholesterol esters are packaged and 
released into plasma as TG-rich lipoprotem called very low density lqx>protem 
(P/LDU), vi^ose primary function is the endogenous tran^rt of TGs made in the tivo: 
10 or released by adipose tissue. Throu^ enzymatic action, VLDL can be either reduced 
and taken up bx fte liver, or transformed into intermediate density lipoprotein CIDL"). 
IDI^ is in turn, either taken up by the liver, or is further modified to fbnn the low doisity 
lipoprotein n^L'O. U)L is eiOiertak^ iq) and broken down by the liv^, or is taken iq) 
by extrahq)alic tissue. Hig|hdaisitylq)opn>tein('7n)L*') helps rmovediolestm^ 
IS peiq>heral tissues in a process called reverse cholestool transport 

The tenn ''dyslipidemia'* refers to abnormal levels of lipoprotdns in blood 
. plasma including both dq)ressed and/or elevated levels of lipoproteins (e;., elevated 
levels of LDL, VLDL and depressed levels of HDL). 

Exemplary Primary Hyperiipidemia include, but are not limited to, the 

20 following: 

(1) Familial Hyperchylomiavnmia, a rare genetic disord^ which causes 
a deficiency in an en^e, LP lipase, that breaks down fat molecules. The LP lipase 
deficiency can cause flie accumulation of large quantities of fiit or lipoprotems in the 
blood; 

25 (2) Familial Hypercholesterolemia, a relatively conmion genetic disorda 

caused v\^ere the underiying defect is a sales of mutations in the LDL recq>tor gene diat 
result in ma]fimcti(Hiing LDL recq)tQrs and/or abso^ of the LDL recqitors. This brings 
about ineffective clearance of LDL by the LDL iecq)tors resulting in elevated LDL and 
total cholesterol levels in the plasma; 

30 (3) Familial Combined Hyperiipidemia, also known as multq)le 

lipoprotein-type hyperiipidemia; an inhoited disorder where patients and tiieir affeOed 
fiist-degree relatives can at various times manifest high cholesterol and hi^ triglycerides. 
Levels of HDL cholesterol are often moderately decreased; 
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(4) Familial Drfective Apolipoprotein B-lOO is a relatively common 
autosomal dominant g^etic abnonnality. The defect is caused by a single nucleotide 
mutation tbat produces a substitution of £;Iutamine for arginine which can cause reduced 
afiBnityofLDL particles for the LDLrecq)tor. Consequ^tly, this can cause high plasma 

S IDL and total cholesterol levels; 

(5) Familial Dysbetaliproteinemia^ also refored to as T^e m 
Hyperlipoproteinemia, is an uncommon inherited disorder resulting in moderate to severe 
elevations of serum TG and cholesterol levels with abnormal 2q)olipoprotein E function. 
HDL levels are usually normal; and 

1 0 (6) Familial Hypertriglyceridemia, is a common inherited disord^ in 

whidi the concentration.of plasma VLDL is elevated. This can cause mild to moderatdy 
elevated triglyceride levels (and usually not cholesterol levels) and can often be 
associated with low plasma HDL levels. 

Risk &cton in exaiq)laiy Secondary Hyperiipidemia include^ but are not 

IS limited to, the following: (1) disease risk ftctors, such as a history of Type 1 diabetes. 
Type 2 diabetes, Cushing's syndrome, hypothroidism and certain types of renal failure; 
(2) drug risk factors, which mchide, birth control pills; hormones, such as estrogen, and 
Gorticostax>ids; certam diuretics; and various P blockers; (3) dietary risk &ctors include 
dietary fat intake per total calories greater than 40%; saturated fat intake per total calories 

20 greater than 10%; diolesterol mtake greater than 300 mg per day; habitual and excessive 
alcohol us^ and obesity. 

The tcnns •■obese** and **dbesity** refers to, according to the Worid Health 
Organization, a Body Mass Index (BMI) greater than 27.8 kg/m^ for m^ and 273 kg/m^ 
for women (BND equals weight (kgVheight (m^). Obesity is linked to a variety of medical 

25 conditions including diabetes and hyperlipidonia. Obesity is also a known risk fdsiXox for 
the development of Type 2 diabetes (See, e,g., Barrett-Conner, E., EpidemoL Rev. (1989) 
1 1: 172-181; and Knowler, et al.. Am, J. Clin, Nutr, (1991) 53:1543-1551). 

Tharmaceutically acceptable salts" refer to the non-toxic alkali metal, 
alkaline earth metal, and ammonium salts commonly used m the pharmaceutical industry 

30 including die sodium, potassium, lithium, calcium, magnesium, barium, ammonium, and 
protamine zinc salts, which are prq)ared by methods well known in the art. The tenn also 
includes non-toxic acid addition salts, which are generally prq)ared by reacting the 
compounds of the present invention with a suitable organic or inorganic acid. 
Represoitative salts include but are not Ihnited to, the hydrochloride, hydrobromide, 
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sulfate, bisulfate, ac^te, oxalate, valmte, oleate, laurate, borate, benzoate, lactate, 
phoq)hate, tosylate, citrate, maleate, iumarate, succinate, tartrate, nq)sylate, and the like. 

Tharmaceutically acceptable add addition salt" refos to those salts which 
retain the biological effectiveness and properties of the free bases and which are not 
S biologically or otherwise undesirable, formed with inorganic acids such as hydrochloric 
acid, hydrobiomic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and 
organic acids such as acetic add, propionic acid, glycoiic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid, sucdnic acid, maldc acid, fumaric add, tartaric acid, citric add, 
benzoic acid, cinnamic acid, mandelic acid, moithanesulfonic acid, edianesulfonic add, 

10 p-tola^esulfonic add, salicylic acid ami the like. For a desciq>tion of pbannaceutically 
acceptable acid addition salts as prodiugs. &e, e.g., Bundgaard, H., ed.. Design of 
Prodrugs (Elsevi^ Science Publishers, Amsterdam 1985). . 

*Tharmaceutical]y accqitable ester" refers to ftose esim which retain, 
iqKm hydrolysis of the est^ bond, the biological effectiveness and properties of the 

IS caiboxylic acid or alcohol and are not biologically or othenvise undesirable. For a 

description of pbannaceutically acc^table esters as piodnigis, see Bundgaaid, H., si^ra. 
These esters are Really formed fimn the coire^nding oarboxylic acid and an alcohol. 
Generally, ester formation can be acconq)lished via conventional synthetic tedmiques. 
{See, e.g., March Advanced Orgardc Chemistry^ 3rd Ed., p. 1 157 (John Wiley & Sons, 

20 New York 1985) and references dted therein, and Mark et oL^ Encyclopedia of Chemical 
Technol<^, (1980) John Wiley & Sons, New York). The alcohol component of the ester 
will generally comprise: (i) a C^C,2 aliphatic alcohol that can or can not contain one or 
more double hmds and can or can not contain branched carbons; or (ii) a C^C^^ aromatic 
or heteroaromatic alcohols. The present invention also contmplates the use of those 

25 con^>ositions ^ch are both esters as described herein and at the same time are the 
pbannaceutically acceptable acid addition salts thereof 

"Pharmaceutically accq)table amide** refers to diose amides which retain, 
npon hydrolysis of the amide bond, the biological effectiveness and properties of the 
carboxyUc acid or amine and are not biologically or otherwise undesirable. For a 

30 description of pbannaceutically acceptable amides as prodiugs, see, Bundgaard, H., ed., 
supra. These amides are typically formed from the corresponding carboxylic acid and an 
amine. Generally, amide formation can be accon^lished via conventional synthetic 
techniques. See, eg, Mardi ei al,. Advanced Organic Chemistry, 3rd M, p. 1 152 (John 
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. Wiley & Sons, New York 1 985), and Maik et al , Encyclopedia of Chemical Technology^ 
(John Wiley & Sons, New Yoik 1980). The present invention also contemplates the use 
of diose conq)ositions which are both amides as described herein and at (he same time are 
the pharmaceutically acGq)table acid addition salts thereof 

5 DETAILED DESCRIPTION 

(1) General 

The present invention is directed to use of a preferred (-) (3- 
trihalomethylphenoxy) (4-haloph»yl) acetic acid dcdvatives having the following 
general formula: 




10 C)^ 

Formula] 

In Formula I, R is a functional group including, but not limited to, the 
following: hydroxy, lower aralkoxy, e;., phoiyMower alkoxy such as teizyloxy, 
pboiethylo}^; di-lower aOcylamino-low^ alkoxy and the nontoxic, pharinaco 

IS accqitable acid additicm salts thereof e.g., dimethylaminoetfaoxy, diethylaminoetfaoxy 
. hydrochloride, dieftylaminoeOioxy citrate, diethylaminopropoxy; low^ alkanamido 
lower alkoxy, eg., formamidoelfaoxy, acetamidoethoxy or acetamidopropoxy; 
benzamido-lower alkoxy, e.g., boizamidoedioxy or benzamidopropoxy; urddo-lower 
alkoxy, e.g., ureidoefhoxy or l-methyl*2-ureidoethox^, N'-lower alkyl-ureido-lower 

20 alkoxy, /.e., R^NH-CX}NH-CDH2n-0- wherein R' represents lower aflcyl and n is an integer 
having a value of fiom 1 to about 5, e.g., N'-^yl-ureidoeboxy or N^-eOiyl- 
. ureidopropoxy; caibamoyl-loweraOcoxy, eg., caibamoyfanetboxy or catbamoylefhoxy; 
halophenoxy substituted lower alkoxy, eg, 2-(4-chlorophenoxy) ethoxy or 2 - (4 - 
chlorophenoxy)-2-methylpropoxy; caibamoyl substituted phenoxy, eg, 2- 

25 carbamoylph^ox)r, caifooxy-lower alkylamino and the nontoxic, pharmacologically 
accq)table amine addition salts thereof eg, carboxymethylamino cyclohexylamine salt 
or caiboxy^ylamine; NJ^-di-lower alkylamino-low^ alkylamino and the nontoxic, 
pharmacologically acceptable add solution salts thereof, eg., NJ^- 
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dimethylaminoethylamino hydrochloride, N^-diethylaminoethylamino, N^- 

diethylaminoefhylamino citrate, or NJNslimethylaminopiopylamino citrate; halo 

substituted Iowct alkylamino, e^g., 2-chloroethylamino or 4-cblorobutylaraino; hydroxy 

substituted Iowct alkylamino, e.g., 2-hydn)xyetbylainino, or 3-hydn)xypropylanuno; 
. S lowOT alkanoyloxy substituted lower aikylamino, acetoxyethylamino or 

acetoxypicpylamino; ureido; lower alkoxycaibonylamino, eg., methoxycaibonylamino 
-NHCOOCH3), or ethyoxycarbonylamino CHCOOC2H5). In a preferred 

embodiment, R is selected such that it is a hydrolyzable moiety, such as an ester or amide, . 

and upon hydrolysis of the ester or amide bond, the compound is biologically active such 
10 as phainuuseutically acceptable esters or amides as prodrugs. X, in formula I, is a 

halogen, eg., chloro, bromo, fluoro or iodo. 

In a preferred onbodiment, die present invention relates to use of the (-) (3 

- trihalom^hylphenoxy)(4-halophen^) acetic add derivatives having the following 

g&imi formula: 

d 




// w 

0 



15 CX3 

Formula n 

In Formula II, is a functional group inchiding, but not limited, to, the 
following: hydrogen, phenyl-lowo* alk^ eg., benzyl; lowor alkanamido-lower alkyl, 
eg., ac^amidoethyl; or benzamido-lower alkyl, eg., boizamidoelhyl. X, in Formula II, 
20 is a halogen, eg., chloro, bromo, fluoro or iodo. 

In a further preferred embodiment, the present invention relates to the use 
of a conq)ound having the formula: 

0. ^ 
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Fonnulam 

The compound of Fonnula m is refmed to as "H 2*acetainidoethyl 4-. 
chlorophenyHS-trifluoromethylphenoxy) acetate" (also referred to as "(-) halofenate"). 

Changes in drug metabolism mediated by inhibition of cytochrome P4S0 

5 enzymes has a very high potential to precipitate significant adverse effects in patients. 
Such effects were previously noted in patients treated with racemic halofenate. In the 
present studies, racemic halofenic acid was found to inhibit cytochrome P450 2C9, an 
enzyme known to play a significant role in the metabolism of specific drugs. This can 
lead to significant problems with drug interactions with anticoagulants, anti-inflammatory 

10 agents and other drugs metabolized by this OTzyme. However, quite surprisingly, a 
substantial diff^mnce was observed between the oiantiomers of halofenic acid in their 
inability to inhibit cytochrome P450 2C9, the (-) enantiomer being about twaity-fold less 
active whereas the (+) enantiomer was quite potent (see Example 7). Thus, use of the (-) 
enantiomo* of con^unds in Formula I, Foraiula n or Formula IE will avoid the 

IS inhibition of this enzyme and the advme effects on drug metabolic previously observed 
with racemic halofeoate. 

The present invention encompasses a method of modulating insulin 
resistaiKe in a mammal, the method comprising: administering to the mammal a 
fiierq)euticaUy effective'amount of a compound having the general structure of Fonnula I 

20 or a phannaceutically accq)table salt thereof In a presently preferred embodsnent, the 
conq[Kmnd has the general structure of Fonnula n. In a fintherprefofred embodiment, 
the compound has die structure of Formula m. Quite surprisingly, the method avoids the 
advose effects associated wifli the administration of a racemic mixture of halof^te by 
providing an amount of the (-) stereoisoma of the compounds in Formula I, Formula II 

25 or Fonnula ID which is insu£Gicieiit to cause the adverse effects associated with the 
inhibition of cytochrome P450 2C9. 

The present inv^tion also mcompssses a method of modulating Type 2 
diabetes in a manunal, die mebodcoinprising: administering to the niamnial a 
th6rq)eudcal]y effective amount of a compound having the general structure of Formula I 

30 0raphaimaceutically8ccq)table8altdiereo£ In a presently prefenedembodunent^ the 
conqx)und has the general stracture of Formula n. In a further preferred embodimrait, the 
oonqraund has the structure of Formula IIL Quite surprisingly, the method avoids the 
advme effects associated wiA the admmistration of a rac^c mixture of halofenate by 

20 
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providmg an amount of the (-) stereoisomer of die compounds in Fommla I» Fomiula II 
or Fonnula III which is insufficient to cause (he adverse effects associated with the 
inhibition of cytochrome P450 2C9. 

The present invention fiirth^ encompasses a method of modulatiutg 
S hyperlipidemia in a mammal, the method comprising: administering to the mammal a 
thenq)eutically effective amount of a compound having the general structure of Formula I 
or a pharmaceuticaliy accq)table salt hereof In a presoitly preferred mbodunent, the 
compound has the general structure of Formula n. In a further preferred embodimoit, the 
compound has the structure of Formula IE Quite surprisingly, the method avoids die 
10 adv^. effects associated with the administration of a racemic mixture of halofenate by 
jnoviding an amount of the (-) stereoisomer of the compounds in Formula I, Formula II 
or Formula III "vAach is insufficioit to cause the adverse effects associated with the 
inhibition of (^tochrome P450 2C9. 

The racemic mixture of the halofenate (Le., a 1:1 racemic mixture of the 
IS two enantiomeis) possesses antihyperlipidemic activity and provides therapy and a 
reduction of hyperglycemia related to diabetes when combined with certain other drugs 
commonly used to treat dus disease. However, iSais racemic mixture, ^le offering the 
esqiectationofefficacy, causes adverse effects. The torn ""adverse effects*' inchides, but 
is not Umited to, nausea, gastrointestinal ulcers, and gastrointestinal bleedmg. Odi^ side 
20 effects that have beoi reported with racemic halofenate include potential problons with 
drug-drug interactions, especially inchiding difficulties controlling anticoagulation with 
Coumadb™. Utilizing the substantially pure compounds ofthe present invmtion results 
in clearer dose related definitions of efficacy, duninished adverse effects, and 
accordingly, an improved therap^c index. As such, it has now been discovered diat it 
25 is more desirable and advantageous to administer the (-) enantiomer of halofenate instead 
of racemic halofenate. 

Hie preset inventionfiirther encompasses a method of modulating 
hyperuric^a in a mflmmfll, the method comprising: administering to the mammal a 
therapeutically effective amount of a compound having the general structure of Formula I 
30 or a pharmaceuticaliy acceptable salt thereof. In a presently preferred embodiment, the 
cQnq)ound has the g^eral structure of Formula n. In a furth^ preferred embodiment, the 
confound has the structure of Formula m. Quite surprisingly, the method avoids the 
adverse effects assodated with the admmistration of a raconic mixture of hal^ 
providing an amount of the (-) stereoisomer of the compounds in Formula I, Formula II 
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or Fonnula in which is insufiBcimt to cause the adveise effects associated with die 
inhibition of cytochrome P4S0 2C9. 

(2) M Enantioiners of Formula L Formula n an d Formnia ffl 
Many organic compounds exist in optically active fonns, ie, they have 
5 the ability to rotate the plane of plane-polarized light. In describiog an optically active 
compound, the prefixes R and S are used to denote the absolute configuration of the 
molecule about its chiral centers). The prefixes "d" and T* or (+) and (-) are employed 
to designate the sign of rotation of plane-polarized light by the compound, with (-) or 1 
meaning that the compound is ^'levorotatoi/* and with (+) or d is meaning that the 

10 compound is "dextrorotatoiy**. There is no correlation between nomcnclantfe for the 
absolute stereochemistry and for the rotation of an enantiomer. For a given ch^cal 
structure, these compounds, called ^^stereoisomers/* are identical except that they are 
mirror images of one ano&er. A specific stereoisomer can ako be referred to as an 
"enantiomer." and a mixture of such isomers is oftai called an "enantiomeric" or 

15 **racemic" mixture. See, e.g,, Streitwiesser, A. & Heathcock, CJI., Introduction to 
Organic Chemishiy, 2"^ Edition, Cbapta 7 (MacMillan Publishing Co., U.S.A. 1981). 

The chonical synthesis of fiie racemic nuxture of halofimates (3- 
tnlialometfaylpbenoxy) (4-halophen^) acetic add derivatives can be pof^ 
methods described in \JS. Patent No. 3,517,050, tiie teaching pf \^ch are incorporated 

20 herrin by reference. The synthesis of tiie compounds of the presoit inv^tion is furfter 
described in the Exanq)les, stq)ra. The individual enantiomm can be obtained by 
resolution of the racemic mixture of enantiomers using conventional means known to and 
used by &ose of skill in die art &e, eg., Jaques» J., ei al., in ENANnoMERS, 
Racemaies» and RESOLUnONS, John Wiley and Sons, New York (1981). Other standard 

25 methods of resobtion known to tiiose skilled in the art, including but not limited to, 
siinple crystallization and dmmiatogrsphic resohition, cw 
SiiREOCHEMisiiiY OF Carbon Compounds (1962) E. L Eliel, McGraw Hill; 
Lochmuller, J. Chromatagrapfy (1975) 1 13, 283-302). Additionally, die conq)ounds of 
the present invention, /.e, the opticaUy pure isomers, can be prg>ared fibm tiie racemic 

30 mixture by en:9maticbiocatalytic resolution. Em^maticbiocatalytic resolution has been 
desoibed previously {see^ eg., U.S. Patent Nos. 5,057,427 and SSm^n, the disclosures 
of ^di are incorporated herein by reference). Oflier methods of obtaining enantioniers 
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include stereospecific synthesis {see, e.g., Li, A. let al., Phamu Sci. (1997) 86: 1073* 
1077). 

The teim "substantially free of its (+) stereoisomer as used herein, means 
that the compositions contain a substantially greats propcHlion of the (-) isomer of 
5 halofenate in relation to the (+)isomar. ha preferred embodunent, the tenn 

**substantiaQy free of its (+) stereoisomer/' as used herdn, means that the composition is 
at least 90% by weight of the (-) isomer and 10% by weigjit or less of the (+) isomer. In 
a more preferred anbodiment, the term "substantially free of its (+) stereoisomer " as 
used h^ein, means that the composition contains at least 99% by weiglit of the (-) isom^ 

10 and 1% by weight or less of flie (+) isomer. In the most preferred embodiment, the term 
"substantially free of its (+) stoeoisomer/' means diat Ae composition contains greater 
than 99% by wei^toffte(-) isomer. These percentages are based upon the total amomit 
ofhalofenateintheconqxmtion. the tenns "substantially optically pure (1) isomer of 
halofenate,'' "substantially q>tically pure (I) halofenate,** "optically pure (I) isomer of 

1 5 halofenate^ and "q>tically pure 0) halofoiate** all refer to the (-) isomer and are 
enconq)assed by Ae above-described amounts. In addition, the terms "substantially 
optically pure (d) isomer of halofenate,** "substantially optically pure (d) halofenate,** 
"optically pure (d) mma of halofoiate" aiKi "c^tically pure (d) halofenate** all refa to 
the (+) isomor and are encon^assed by the above-desoibed amounts. 

20 The torn "oiantiomericexcess'' or "ee*' is related to the term "optical 

purity^ in that both are measures ofihe same phenomenon. The value ofee will be a 
number from 0 to 100, Obdnjgracemic and 100 being pure, single oiantiomer. A 
compound that is refened to as 98% optically pure can be desoibed as 96% ee. 

(S\ Combination Therapy With Addttionai Active Ayenfa 
25 The conopositiom can be formulated and admmistered in the same m^ 

as detailed below. "Formulation'* is defined as a pharmao^cal |n:q>aration that contains 
a mixture of various exdpients and key mgredients that provide a relatively stable, 
desirable and useful form ofa compounder: drug. For the present invoition, 
'formulation" is inchided within the meaning of die term "composition." The conq)ounds 
30 of the preset invention can be used effectively alone or m combination widi one or more 
additional active agents dq)ending on the desired target theqpy (see^ e,g., Turner, N. et 
aLI^.DmgRes.(im)Sl:33'^;Emer,S.D^ 160-178:and 
. DePronzo, R. a/. {eds.)rDiabetes Reriem (1997) Vol 5 No. 4). A number of studies 
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have investigated the benefits of combination thenq>i^ wiUi oral agents {seey e.g., 
MMet, R., J. Clin, Endocrinol Metab. (1999) 84: 1165-71; United Kingdom Prospective 
Diabetes Study Group: UKPDS 2i,Diabetes Care (1998) 21: 87-92; Bardin, C. W.,(ed.X 
Current Therapy in Endocrinology and Metabolism, 6* Edition (Mosby - Year 
5 Book, Inc., St Louis, MO 1997); Chiasson, J. et al.Ann. Intern. Med (1994) 121: 928- 
935; Coniff, R. et aL, Clin, Ther, (1997) 19: 16-26; Coniff, R. et al, Am. J. Med. (1995) 
98: 443451 ; and Iwamoto, Y. et ai, Diabet. Med (1996) 13 365-370; Kwiterovich, P. 
Am. J. Cardiol (1998) 82(12A): 3U-17U). These studies indicate that diabetes and 
hyperlipidemia modulation can be iurther improved by the addition of a second agoit to 

1 0 the therapeutic regime Combination th^y includes administration of a single 
pharmaceutical dosage fonnulation which contains a compound having the general 
structure of Formula I (or Formula II or Fomdula UJ) and one or more additional active 
agents, as well as administration of a compound of Fomiula I (or Foimula II or Fomula 
m) and each active agent in its own sq)arate pharmacaitical dosage fonnulation. For 

15 exan^le, a compound of Fomiula I and an HMG-CoA reductase inhibitor can be 

administered to the human subject together in a single oral dosage conq)08ition, sudi as a 
tablet or c^sule, or each ag^t can be administmd in separate oral dosage formulations. 
Where sq)arate dosage formulations are used, a compound of Formula I and one or more 
additional active agoits can be administered at essratially the same time (i.e., 

20 concurrently), or at separately staggered times (/.e, sequentially). Combmation therapy is 
unda:stood to include all these regime. 

An example of combination therapy tiiat modulates prevents the onset of 
the symptoms or complications associated) atherosclerosis, wherein a compound of 
Formula I is administered in combination with one or more of flie following active agents: 

25 an antihyporlipidemic ag^ a plasma HDL-raising agent; an antihypercholesterolonic 
agent, such as a diolesterol biosynthesis inhibitor, e.g.^ an hydroxymethylglutaryl (HMG) 
CoA reductase inhibitor (also refenred to as statins, such as lovastatin, simvastatin, 
pravastatin, fiuvastatin, and atorvastatin), an HMG-CoA syntiiase iidiibitor, a squaloie 
q)oxidase inhl)itor, or a squaloie synth^ase inh^^ 

30 inhibitor); an acyl-coenzyme A cholesterol a^ltransferase (ACAT) inhibitor, sudi as 
melinamide; piobucol; nicotinic acid and the salts tiierebf and niacinamide; acholesterol 
absoiption inhibitor, such as P-sitosterol; a bile acid sequestrant anion exchaqge resin, 
such as cholestyramine, colestq>ol or dialk^anunoalkyl derivatives of a cross-linked 
dextran; an U>L Oow doisity ]q)oprotein) receptor mducer, fibrates, sudi as clofibrate, 
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bezafibrate, fenofibrate, and gemfibrizol; vitamin 65 (also kno^ as pyridoxine) and the 
phannacetttically acceptable salts thereof, such as the HCl salt; vitamin B12 (also known 
as cyanocobalamin); vitamin B3 (also known as nicotinic acid and niacinamide, supra)\ 
anti-oxidant vitamins, sudi as vitamin C and E and beta carotene; a beta-blocker, an 
5 angiotensin n antagonist an angiotensin conveiting enzyme inhibitor, ^ 

aggregation inhibitor, such as fibrinogen receptor antagonists {ie.^ glycoprotein Ilb/nia 
fibrinogen receptor antagonists) and aspirin. As noted above, die compomids of Formula 
I can be administered in combination with more than one additional active agent, for 
exanqple, a combination of a compound of Formula I with an HMG-CoA reductase 

1 0 inhibitor (e;.; lovastatin, simvastatin and pravastatin) and a^irin, or a compound of 
Formula I with an HMO-CoA reductase inhibitor and a P blocker. 

Anotiier example of combination therspy can be seen in treating obesity or 
obesity-related disorders, wherein die conq)ouhds of Formula I can be efifectively used in 
combination witii, for exsnspU, ph^y^ropanolamine, ph^termine, dietfaylpiopion, 

1 5 mazindol; fenfluramine, dexfenfliiramine, phentiramine, ft} adrenocq)tor agonist agoits; 
sibutramine, gastromtestinal lipase inhibitors (such as orfistat), and leptins. Other agoits 
used in treating obesity or obesity-related disordos wherein tiie conq)ounds of Formula I 
can be effectively used in combination with, for exanq>le, neuropq)tide Y, enterostatin, 
cholecytoldnin, bombesin, amylin, histamine H3 receptors, dopamine D2 recq)tors, 

20 melanocyte stimulating homione, corticotrophin releasing factor, galanin and gamma 
amino butyric acid (GABA). 

Still anodier example of combination tiierapy can be sera in modulating 
diabetes (or treating diabetes and its related symptoms, conq)lications, and disbrdersX 
wherein the compounds 0 f Fonnula I can be effectively used m combination with, for 

25 example, sulfonylureas (such as chloipropamide, tolbutamide, acetohexamide, 

tolazamide, glyburide, glicla2ide, glynase, glimq)iride, and glipizide), biguanides (sudi 
as metformm), tiiiazolidinediones (such as ciglitazone, pioglitazone, troglitazone, and 
rosiglitazone); dehydioepiandiosterone (also referred to as DHEAor its conjugated 
sulphate ester, DHEA-SO4); antiglucocorticoids; TNFa inhibitors; o-glucosidase 
. 30 inhibitors (such as acaibose, miglitol, and voglibose), pramlintide (a synthetic analog of 
the human hormone amylin), otiier insulin secretogogues (such as repaglinide, gliquidone, 
and nateglinide), insulin* as well as the active agents discussed above for treating 
atherosclerosis. 
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A further example of combination therapy can be seen in modulating 
hyperlipidemia (treating hyperlipidemia and its related con^lications)» wherein the 
conq)ounds of Formula I can be effectively used in combination with, for example, statins 
(such as fluvastatin, lovastatin, pravastatin or sunvastatin), bile acid*binding resins (such 
5 as colestipol or cholestyramine), nicotinic acid, probucol, betacarotene, vitamin E, or 
vitamin C. 

In accordance with the present invention, a therapeutically effective 
' amount of a compound of Formula I (or Formula n or Formula ni) can be used for the 
prq>aration of a p^iannaceutical composition useful for treating diabetes, treating 

10 hyperlipidemia, treating hyp^wicemia, treatmg obesity, lowering triglycmde levels, 
lowering diolesterol levels, raising the plasma level of high drasity lipoprotein, and for 
treatmg, preventing or reducing the risk of develq>ing atherosclerosis. 

Additionally, an effective amount of a compound of Formula I (or Formula 
n or Formula ID) and a tfa^rq^^cally effective amount of one or more active agents 

IS selected fioom tiie gmp consisting of: an antihyperHpidemic ag^ a plasma HDL-raising 
agent; an antihyperdiolesterol^c agent, such as a cholestool biosyndiesis inhibitor, for 
exanq)le, an HMG*CoA reductase inhibitor, an HMG-CoA synthase inhibitor, a squaloie 
epoxidase inhibitor, or a squalene syn&etase inhibitor (also known as squalene synttiase 
inhibitor); an atoyl-coenzyme A cholestml acyltransferase 

20 acid and the salts thereof; niacinamide; a cfaolestool absorption inhibitor a bile add 
sequestrant anion exdiange resin; a low dendty Upopn>tein recq>tor induce; cl^^ 
fenofibrate, and gemfibrozil; vitamin and the phasmaceutically accq)tabie salts 
tfamof; vitamin Bu; an anti-oxidant vitamin; a P -blocker, an angiotensin II antagonist; 
an angiotensin convertmg ei^me inhibitor; a platelet aggregation inhibitor; a fibrinogoi 

25 recqptor antagonist; aspirir^ ph^tiramines, adren^c recq)tor agonists; sulfonyhireas, 
biguanides, a-glucosidase inhibitors, other insulm secretogogues, and insulin can be used 
togi^er for die preparation of a phamiaceutical composition useful for the above> 
described treatments. 

(4) Pharmaceutical Formnlations and Methods of Administratfon 
30 In the mediodsofthepresient invention, decompounds of Formula I, 

Formula n, and Formula III can be delivered or administered to a manunal, e.g. , a human 
patient or subject, alone, in the form of a pharmaceutically acceptable salt or hydrolyzable 
precursor diereo^ or in die form of a pharmacwdcal conqK)sition ^ere the compound is 
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mixed with suitable earners or excipient(s) in a therapeutically effective amount By a 
"therapeutically effective dose", **thCTapeuticaIly effective amounf or, interchangeably, 
*^hannacoIogically acceptable dose" or '^pharmacologically acceptable amounf, it is 
meant that a sufficient amount of the compound of the present invention, alternatively, a 
5 combination, for exan^le, a compound of the present invention, which is substantially 
free of its (+) stereoisom^, and a pharmaceuticaUy accq)table cairi^, will be present in 
order to achieve a desired result, e.;., alleviating a^yniptom or complication of Type 2 
diabetes. 

Hie compounds of Formula I, Formula n, and Formula in that are used in 

10 the methods of the ptesent invoition can be incorporated into a variety of formulations for 
therap^c administration. More particularly, the compounds of Formula I (or Fonnula II 
or Formula m) can be formulated mto pharmaceutical compositions by combination with 
appnqmate, pharmaceuttcally accq>table earners or dihients, and can be fonnulated mto 
prq)arations in solid, SCTi-solid, liquid or gaseous forms, such as tablets, capsules, pills, 

15 powdos, granules, dragees, gels, shmies^ omtmoits, sohitions, suppositories, injections, 
inhalants and aerosols. As such, administration oftfae compounds can be achieved in 
various ways, inchiding oral, buccal, rectal, parenteral, intraperitoneal, intradomal, 
transdomal, intratrachjcal administratioa Moreover, the conq)ound can be administered 
in a local rather than systraic manner, in a depot or sostained release formulation. In 

20 addition, the compounds can be administered in a liposome. 

In addition, the compounds of Fomiula I, Fonnula n or Formula III can be 
formulated with common exdpi^ts, dihients or carrim, and conq)ressed into tablets, or 
fomiulated as elixirs or solutions for convoiient oral administration, or administered by 
the intramuscular or intravenous routes. The compounds can be administoied 

25 transdonoally, and can be formulated as sustained release dosage forms and the like. 

Compounds of Fomula I, Fonnula n, or Fonnula ID can be administmd 
alone, in combination with each oOier, or they can be used in conibmation with other 
known compounds (discussed sig>ra). Jn pharmaceutical dosage forms, the compounds 
can be administered in the form of their phannaceutically acceptable salts thereof They 

30 can contain hydrolyzable moieties. They can also be used alone or in ^lopriate 
association, as well as in combination with, other pharmaceuticaUy active compounds. 

Suitable fonnulations for use in the present invention are found in 
Remington's Pharmaceutical Sciences (Mack Publishing Conqiany (1985) Philadelphia, 
PA, 17th ed.), which is incorporated herein by reference. Moreovo*, for a brief review of 
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methods for drug delivery, see, Langer, Science (1990) 249:1527-1533, which is 
incorporated herein by reference. The phannaceutical compositions described herein can 
be manufactured in a mann^ that is laiown to those of skill in the art, by means of 
conventional mixing, dissolving, granulating, dragee-maldng, levigating, emulsifymg, 
5 encapsulating, entrapping or lyophilizing processes. The following methods and 
excipients are merely exemplary and are in no way limiting. 

For injection, Ae compounds can be formulated into prq)aration8 by 
dissolving, suspending or emulsii^g titem in an aqueous or nonaqueous solvent, such as 
vegetable or other similar oils, syndietic aliphatic acid glycerides, esters of hi^er 

1 0 aliphatic acids or propylene glycol; and if desired, with conventional additives such as 
sohibilizers, isotonic agoits, suspending agents, emulsifying %ents, stabilizers and 
preservatives. Prefoably, the conq>ounds of the present tnvoition can be formulated in 
aqueous solutions, preferably in phydologically compatible buffars such as Banks's 
solution. Ringers sohition,(»r physiological saline buffer. Fortransmucosal 

1 5 administration, penetrants i^ropriate to the barrier to be pmieated are used in the 
formulation. Such penetrants are generally known in the art 

For oral administration, the conq)ounds of Formula I, Formula n, or 
Formulain can be formulated readity by combining witfi pharmaceutically acceptable 
carriers that are well known in the art Sudi carriers enable the conq)ounds to be 

20 formulated as tablets, pills, dragees, c^sules, emulsions, lipophilic and hydrophilic 
siiq)ensiQns, liquids, gds, syrups, slurries, suspoisions and the like, for oral ingestion by 
a patient to be treated Pharmaceutical preparations for oral use can be obtained by 
mixing the compounds with a solid excipi^t, (^tionally grindiiig a resulting mixture, and 
processing the mixture of granules, zSler adding suitable auxiliaries, if desired, to obtain 

25 tablets or dragee cores. Suitable excipients are, in particular, fillors such as sugars, 
includirig lactose, sucrose, mannitol, or sorbitol; ceOulose prq)arations such as, for 
example, maize starch, wheat starch, rice starch, potato stardi, gelatin, gum tragacanth, 
m^yl celhilose, hydroxypropyfanethyl-ceUulose, sodium caiboxymetfaylcellulose, and/or 
polyvinylpyrrolidone (PVP). If desired, disintegratmg agents can be added, such as the 

30 oioss-linked polyvinyl pyrrolidoiie, agar, or alginic acid or a salt tfaoeof such as sodium 
alginate. 

Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions can be used, which can optionally contain gum arabic, talc, . 
polyvmyl pyrrolidone, carbopol gel, polyethyl^e glycol, and/or titanium dioxide, lacquer 
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solutions, and suitable organic solvents or solvent mixtures. DyestulEs or pigments can 
be added to the tablets or dragee coatings for identification or to characterize different 
combinations of active compound doses. 

Pharmaceutical preparations which can be used orally include push-fit 
5 cq)sules made of gelatin, as well as soft, sealed c^sules made of gelatin and a plasticizer, 
such as glycerol or sorbitol. The push-fit c^sules can contain the active ingredients in 
admixture witii filler such as lactose, bindeis such as starches, and/or lubricants such as 
talc or magnesium stearate and, optionally, stabilizers. In soft c^sules, the active 
compounds can be dissolved or suspended in suitable liquids, such as fatty oils, liquid 
10 parafBn, or liquid polyetiiylene glycols. In addition, stabilizers can be added. All 

formulations for oral administration should be in dosages suitable for such administration. 

For buccal administration, tiie compositions can take tiie form of tablets or 
lozenges formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the 
15 preset invoition are convenientiy delivered in the form of an amsol spray presentation 
fiom pressurized packs or a nebulizer, with die use of a suitable propellant, eg., 
dichlorodifiuoromethane, trichlorofluorometiiane, dichlorotetrafluoroethane, carbon 
dioxide or other suitable gas, or fiom propellant-free, dry-powder inhale. In the case of 
a pressurized aerosol the dosage unit can be determined by providing a valve to deliver a 
20 metered amount. C^sules and cartridges o^ e.g., gelatin for use in an inhaler or 
insufflator can be formulated containing a powder mix of the compound and a suitable 
powder base such as lactose or staidi. 

The conqx>unds can be formulated for parenteral administration by 
injection, e.g.^ by bolus injection or continuous infiision. Formulations for injection can 
25 be presmited in umt dosage fonn, eg., in an^ules or in multidose containers,^ 

added preservative. The conqpositiions can take sudi forms as suspensions, solutions or 
onulsions in oily or aqueous vdiicles, and can contain formulator agents such as 
susp^idmg, stabilizing and/or dispersu)g agrats. 

Pharmaceutical formulations for parenteral administration include aqueous 
30 solutions of the active conq)Ound8 in water-sohible form. Additionally, su^ensions of 
the active conq)oui^ can be prq>ared as i^ropriate oily lnjecti(m^ Suitable 
lqx)phiUc solvents or vehicles incluite fotty oib such as sesame oi^ 
esters, such as ethyl oleate or triglycerides, or lqK)somes. Aqueous injection suspensions 
. can contain substances indiich increase the viscosity ofthesuspensioii, such ^ 
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carboxymeAyl cellulose, soibitol, or d^tran. Optionally, tbe suspension can also contain 
suitable stabiUzm or agmts which increase the solubility of the compounds to allow for 
the preparation of highly concentrated solutions. Alternatively, die active ingredient can 
be in powder form for constitution with a suitable vehicle, ag., sterile pyrogen-fiee water, 
S before use. 

The compounds can also be fomiulated in rectal compositions such as 
suppositories or retention enemas, containing conventional suppository bases such as 
cocoa butter, caxbowaxes, polyethylene glycols or other glycerides, all of which melt at 
body temper^ure, yet are solidified at room tetnperature. 

10 In addition to die formulations described previously, die compounds can 

also be fonnulated as a dq)ot preparation. Such long acting formulations can be 
administered by implantation (for exanq)le subcutaneously or intramuscularly) or by 
intramuscular injection. Thus, for exanq>le, the compounds can be formulated with 
suitable polymeric or hydrophobic materials (for example as an onulsion in an accq)table 

15 oil) or ion exdiange resins, or as sparingly soluble derivatives, for exanq)Ie, as a sparingly 
soluble salt 

Alternatively, odier delivery systems for hydrophobic pharmac^cal 
conq)oui»is can be employed. Liposomes and emulsions are well known examples of 
delivoy vehicles or carriers for hydrophobic drugs. In a presently preferred embodiment, 

20 long-circulating, i.e., stealth, liposomes can be employed. Sueh liposomes are genoally 
desoibed in Woodle, et aL, U.S. Patoit No. 5,013,556, die teaching of which is hereby 
incorporated by reference. The conq)ounds of die present invention can also be 
administered by controlled release means and/or delivery devices such as diose described 
in US. Pat Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123; and 4,008,719; flie 

25 disclosures of which are herd>y incorporated by reference. 

Certain organic solvents such as dimediylsulfoxide (DMSO) also can be 
employed, aldiough usually at die cost of greater toxicity. Additionally, die compounds 
can be delivered using a sustained-release system, such as semipermeable matrices of 
solid hydrophobic polymers containing the therapeutic agent Various types of sustained- 

30 release matoials have been established and are well known by those skilled in the art 
Sustained-release cqisules can, depending on dieir chemical nature, release die 
compounds for a few hours iq) to over 100 days. 

The pharmaceutical compositions also can conqirise suitable solid or gel 
phase carriers or exdpimts. Examples of such carriers or excipients include but are not 
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limited to calcium carbonate, calcium phosphate, various sugars, starch^, cellulose 
derivatives, gelatin, and polymers such as polyethylene glycols. 

Pharmaceutical compositions suitable for use in the present invention 
inchide compositions wherem the active ingredients are contained in a ther^eutically 
5 effective amount The amount ofconq)oritionadministmd will, of course, be dependent 
on fte subject being treated, on the subject's wdght, the severity of the affliction, the 
manner of administration and.the judgment of tfie prescribing physician. Detomination 
of an effective amount is well within the capability of those skilled in the art, especially in 
li^t of the detailed disclosure provided hereia 
10 . For any compound used in the mc^od of the present invention, a 

therq)eutically effective dose can be estimated initially bom cell culture assays or animal 
models. 

Moreover, toxidty and theFsqpeutic efficacy of the compounds desoibed 
herein can be determined by standard pharmaceutical procedures in cell cultures or 

IS expmmental animals, e.g^ by determining the LDso. (the dose lethal to 50% of die 
population) and the EDso (the dose thenq>eutically effective in 50% of Ae pq>ulation). 
The dose ratio betweoi toxic and Aexapeutic effect is the therq>^c index and can be 
expressed as the ratio between LD50 and EDsQ. Compounds which exhibit high. 
thaq)eutic indices are prefOTed. Tlie data obtained fiomflieseceU culture assays and 

20 animal studies can be used in formulatmg a dosage range that is not toxic for use in 
human. Tlie dosage ofsudiconqx>unds fiesprefa:abtywittin a range of dnsulat^ 
conc^trations that include the EDsowidi little or no toxicity. The dosage can vary widiin 
Qus range dqiending rspm the dosage fonn onployed and the route of admmistration 
utilized The exact formuMon,rt)Uteofadministration and dosage can be chosen by the 

25 individual physician in view of the patienfs cmdition. (See, e.g., Fingl et al 1975 In: 
ne Pharmacological Basis ofTher<qmUit^^ Ch. 1). 

Tlie amount of active compound that can be combined with a carrier 
material to produce a single dosage form will vary depending vspon the disease treated, 
the mammalian species, and the particular mode of administratica. However, as a genml 

30 guide, suitable unit doses for the compounds of the present invention can, for example, 
preferably contain between 100 mg to about 3000 mg of the active compound. A 
preferred unit dose is between 500 mg to about 1 500 mg. A more preferred unit dose is 
b^een 500 to about 1000 mg. Such unit doses can be administ^ more than once a 
day, for example 2, 3, 4, 5 or 6 times a day, but preferably 1 or 2 times per day, so that the 
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total daily dosage for a 70 kg adult is in the range of 0. 1 to about 2S0 mg per kg wdgjbt of 
subject per administratioa A piefeired dosage is 5 to about 2S0 mg p^ kg weight of 
subject per admmistration, and such thenqpy can extend for a number of weeks or months^ 
and in some cases» years. It will be understood, however. that the specific dose level for 
5 any particular patient will depend on a variety of fectors including the activity of the 
specific compound employed; the age, body weight, general health, sex and diet of tbe . 
individual being treated; the time and route of administration; the rate of excretion; odier 
drugs whid) have previously been administered; and the severity of the particular disease 
undergoing thmpy, as is well undeistood by those of skill in the area. 
10 A typical dosage can be one 10 to about ISOO mg tablet taken once a day, 

or, multiple times pa: day, or one time-release <;q)Sttle or tablet taken once a day and 
containing a proportionaUy higher content of active ingredient The time-ielease effect 
can be obtained by capsule matoials that dissolve at different pH vahies, by cs^^sules that 
release slowly by osmotic pressure, or by any other known means of controlled release. 
15 It can be necessary to. use dosages outside these ranges in some cases as 

will be parent to those skilled in the art Furflier, it is noted that the clinician or treating 
physician will know how and wfaoi to intanq>t, adjust, or tCTninate therapy in 
conjunction with faidividual patient response. 

20 (5) Protecting Groups 

Certain compounds having the g^erai structure of Formula I and n may 
require the use of protecting groiq)S to enable their successful elaboration into the desired 
structure. Protecting groups can be chosen with reference to Greene, T.W., era/., 
Protective Groups in Organic Synthesis, John Wiley & Sons, Inc., 1991. The blocking 

25 groins are readily removable, i.e., tiiey can be removed, if desired, by procedures which 
will not cause cleavage or other disruption of the remaining portions of the molecule. 
Such procedures include chemical and enzymatic hydrolysis, treatment with chemical 
reducing or oxidizing agents under mild conditions, treatmmt with fluoride ion, treatment 
with a transition metal catalyst and a nucleophile, and catalytic hydrogenation. 

30 Examples of suitable hydroxyl protecting groups are: trimethylsilyl, 

triefliylsilyl, o-nitrobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, t-butyldipheiylsilyl, t- 
bulyldimetfaylsilyl, beozyloxycaifoonyl, t-butyloxycaiboiQrl, 2^^- 
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trichloroethyloxycaxbonyl, and allyloxycaibpnyl. Examples of suitable caiboxyl 
protecting groups are benzhydiyl, o-nitrobenzyl, p-nitrobenzyl, 2-naphthylmethyl, allyl, 
2-chloroallyl, benzyl, 2 A2-trichloroethyl, trimethylsilyl, t-butyldimethylsilyl, t- 
butyldiphenylsilyl, 2^trimethylsilyl)ethyl, phenacyl, p-methoxybenzyl, ac^nyl, p- 
5 methoxyphenyl, 4-pyridylmethyl and trbxstyl 

(6) Process 

Processes for making the compounds of the preset invention are generally 
depicted in Schemes 1 and 2 (and further described in the Examples): 

Schone 1: 
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Sdieme 2: 




According to Scheme U a substituted phenyl acetonitiile is convoted to a 
substituted phenyl acetic acid. The substituted phenyl acetic add is converted to an 
5 activated acid d^vative (e.g., acid ddoride), followed by halogenation at the alpha- 
caibon and esterification with an alcohol. The halogoiated ester is treated with a 
substituted phoiol (e.g.» 3-trifluoromethyi^henol), yielding an aiyl eth^, which is 
hydrolyzed to fonn a caiboxylic add derivative. Hie add deiivated is converted to an 
. activated acid dmvative and subsequently treated with a nucleophile (e.g., N* 
10 acetylethanolamine) to afford the desired product. 

According to Scheme 2, a substituted phenyl acetic add is converted to an • 
activated add derivative (e.g., add ddoride) followed by halogenation at the alpha* 
caibon. The activated add portion of flie molecule is reacted wkh a nucleophile (e.g., N- 
acdyletbanolamine) to provide a protected acid. The halog^ed, protected add is 
15 treated with a substituted phenol (e.g., 3-trifluorDmetfaylphenol)» yielding the desired 
product 

The stereoisomers of the compounds of the present invention can be 
prq)ared by using reactants or reagents or catalysts in their single enantionieiic form in 
the process wherever possible or by resolving the mixture of stereoisomers by 
20 conventional methods, discussed supra and in the Examples. Some of the prefmed 
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methods include use of microbial resolution, resolving the diastereomeric salts formed 
with chiral acids or chiial bases and chromatogrqihy using chiral supports. 

- (7) Klla 

In addition, the present invention provides for kits with unit doses of the 
5 compounds of Fomiula I, Fonnula II, or Formula HI either in oral or injectable doses. In 
addition to the containers containing the unit doses will be an informational package 
insert describing the use and attendant benefits of the drugs in alleviating symptoms 
and/or complications associated with Type 2 diabetes as well as in alleviating 
hyperlipidemia and hyperuricemia. Prefimred compounds and unit doses are those 
10 described hmin above. 

EXAMPLES 

The compounds ofFomiuIa I, Formubn, or Fomnilani of the present . 
invention can be readily prq>ared using the process set forth in Scheme 1, supra^ and 
' fiom the following exan^les. 

15 EXAMPLE 1 

This exanq>Ie relates to the prq[>aration of Metl^l Bn>mo-(4* 
chlorophaiyl)-acetate. 

The initial compound listed in Scheme 1, Le., 4-chloropb^ylacetic acid, is 
20 readily available fit)m several conmieicial sources (e.g., Aldrich and Fluka). 

A 5-L Morton reactor equipped with a magnetic stin^, a pot temperature 
control, and addition funnel was vented through a gas scrubber and charged with p- 
chloiophenylacetic acid (720 gm, 4.2 moles) and SOQi (390 ml, 630 gm, 5.3 moles). 
The reaction was stirred, heated and held at 55^+5'' C for 1 hour. Bromine (220 ml., 670 
25 gm, S3 moles) was then added over 20 min. and stirred at 55%5** C for 16 hours. The 
temperature was raised to 80^ C for 7 hours and then cooled to 9^ C in an ice-wato- bath. 
M^faanol (2.0 L, 1.6 kg, 49.4 nK)les) was. then carefully added The solvent was stripped 
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to obtain 2 liquids weighing 1^8kg. These were dissolved in a mixture of 0.84 L water . 
and 11 L ether and separated. The organic phase was washed once with 0.78 L 25% 
(wnv) aqueous NaCl and dried over 0.13 kg MgS04. This was filtered through Whatman 
#1 filter papCT and stripped of solvent to obtain 0.985 kg of orange liquid. Tbe proton 

S . hIMR showed this to be 80% product and 19% non-brominated ester. The HPLC showed 
82% product and 18% non-brominated ester. HPLC was run on a Zorbax SB*C8 colunm 
at 30^ C measuring 250 X 4.6 mm and 5 (i particle size. The mobile phase was 60:40 
(v:v) acetonitrile: 0.1% H3PO4 at 1.5 ml/mia Ddection was at 210 nm. The iqected 
sample of 1 \d was dissolved in acetonitrile at a concentration of 10 mg/ml. The product 

10 bad a retention time of 5.0 min. and that of tbe non*brominated ester was 3.8 min. This 
arude product was purified by vacuum distillation to obtain 9(5% pure product with an 
84% yield. Tbe product proton NMR(aK:i3, 3001^) showed shifts at 3.79 (s,3W^ 
5:32 (s, IH) and 7.20-7.55 (m, 4H) ppm. 

EXAMPLE2 

15 This example relates to tfie preparation of Methyl 4-Chlon>phenyl-(3- 

trifluorom^yIphen6xy>acetate. 




263L62 162.11 344.72 



. This stq> was similar to the same Step in US. 3,517,050 with one 
excqition, potassium t-butoxide was used in place of sodium medioxide to prev^^ 

20 generation of the oorre^ndingmeAyledier. A 5-L Morton reactor equipped with an 
overhead stirrer, a pot temperature detector, and addition fiumd and under a nitrogen 
atmosphere was charged with methyl bromo-(4^6rophenyl)-acetate (830 gm, 3.0 
moles) and THF (600 ml). The reactor was cooled to 14^+3** C in an ice-wat^ bath and 
dien asimilariy cooled solution of trifluorometfayl*m-cresol (530 gm, 3.3 moles) in 1.0 M 

25 potassium t-butoxide in THF (3. 1 L, 3.1 moles) was added. The reaction proceeded 
exothermically with a typical toi^erature rise exceeding 25^ C and the addition was 
controlled to maintain a temperature of 1 5^+2^ C and stirred at ambient temperature for 2 
hours. HPLC was run on a Zorbax SB-C8 column at 30^ C measuring 250 x 4.6 mm and 
5 \i particle size. The mobile phase was 60:40 (v:v) acetonitrile: 0, 1% H3PO4 at 1 .5 

30 " ml/min. Detection was at 210 nm. The injected sample of 1 ^ was dissolved in 
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acetonitrile at a concentration of 10 mg/ml. The product had a retention time of 9.6 min., 
, the starting ester eluted at 5.0 min., the phenol at 3.0 and the non-brominated ester at 3.8 
min. The solvent was stripped using a rotary evaporator to obtain a yellow slush that was 
dissolved in a mixture of 4.0 L water and 12.0 L ether. The mixture was sq[)arated and 

S the organic phase was washed once with 1 .6 L 5% (w:w) aqueous NaOH followed by 1 .6 
L water and finally 1 .6 L 25% (w:w) aqueous NaCI. The organic phase was dried over 
0 J2 kg MgS04 and filtered through Whatman #1 filter pq)er. The solvent was strin>ed 
to obtain 1.0 kg of damp> off-white crystals. This was recrystallized on the rotary 
ev^rator by dissolving in 1 .0 L metfaylcyclohexane at 75** C and then cooling to 20*^ C 

10 The crystals were filtered through Whatman #1 filter pq)er and washed with three 0.25 L 
portions of cool (15° C) methykyclohexane. The wet i»oduct (0.97 kg) was dried 
overnight to obtain 0.81 kg of 98% pure product that corresponds to a 79% yield. The 
product proton NMR {CDCl^, 300 MHz) shows shifts at 3.75 (s, 3H), 5.63 (s» IH) and 
' 7.05-7.55 (m,8H). 

15 EXAMPLES 

This example relates to the prq)aration of 4-(3i]oropbenyl-(3- 
trifluon)melfay]^haioxy)-acetic Acid 




A 12-L Morton reactor with magnetic stirrer, pot temperature controller, a 
20 reflux conderisCT and under a nitrogen atmosphere was charged with methyl 4- 
chlorophenyH3-trifluoromethylphenoxy)-acetate (810 gm, 2.3 moles) and absolute 
ethanol (5,8 L) and heated with stirring to ST C to dissolve the solid. A solution of KOH 
(520 gfo, 9.3 moles) in 0.98 L water was added The solution was refluxed for 30 min. 
and solvent was stripped by a rotary ev^rator to obtain 2.03 kg of a mixture of two 
25 nearly colorless liquids. These were dissolved in water (16 L) and treated with 16 gm 
neutral Norit» then filtered through a pad of infusorial earth retained on Whatman #1 
filt^ psper. The pH of the filtrate was lowered from an initial range of 13 to a range of 1 
to 2 by adding a total of 2.75 L of 3 M HQ (8.25 moles). A voy sticky solid formed 
after the addition of the first 2.30 L of acid and ether (7 L) was added at this point. The 
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two layers were separated and the organic layer was dried over MgS04 (230 gm) and 
filtered through Whatman #1 filter pq)er. The solvent was then stripped to obtain 0.85 kg 
water-white syrup. The material was then recrystallized on the rotary evaporator by 
adding methylcyclohexane (800 ml) and cooling to 18° C with slow rotation. The 
temperature was then dropped to 5° Q the crystals were filtered, and washed 5 times with 
0.10 L portions of cold (0° C) methylcyclohexane to obtain 0.S9 kg wet crystals. Hie wet 
crystals wm dried to obtain 0.48 kg (62% yield) product with no p^hlbrophenylacetic 
acid detectable in the proton NMR. The product proton NMR (CDCI3, 300 MHz) shows 
shifts at 5.65 (s, IH), 7.02-7.58 (m, 8H) and 10.6 (s, IH). 

EXAMPLE4 

This example relates to the prq)aration of resolved enantiomers of 4- 
Chlorophenyl-(3*trifluoromethylph^oxy)-acetic Acid. 

A 12-L open-tq) Morton reactor with an overtiead stirrer was charged 
with4-chlorophCTyl-{3'trifluoromethyl-phenoxy)-acetic acid (350 gm, 1.06 moles) and 
isopropanol (4.0 L) and heated to 65*^±3** C. A slurry of (-) cinchonidine (300 gm, 1.02 
moles) in isopropanol (2.0 L) was added, rinsing all solid mto the reactor with an 
additional 0.8 L of isopropanol The temperature dropped fix>m 65° to 56° C and a 
transparent, orange solution ultimately formed and the mixture was held at 55°±5° C for 2 
hours. Fine crystals were collected by filtration through )Vhatman #1 filter paper, 
washing once with 0.7 L hot (55^ C) isopropanol. The crystals were dried for 16 hours at 
ambient temperature in a 12;6-L vacuum oven under a 5 LPM nitrogen flow. The dry 
solid weighed 0.37 kg and had an 80% enantiomeric excess (ee) of the (+) enantiomer. 
The enantiomeric excess was determined by HPLC usmg a 250 x 4.6 mm R^l-WhelkO-l 
column at ambi^t temperature. Injected samples were 20 |il of2nig/ml solutions of the 
samples in efhanol. The column was eluted with 95:5:0.4, h^cane:isopropanol:acedc add 
ataflowof ImiAnin. Detection was at 210 nm. The (+) enantiomer ehued at 7 to 8 min. 
and the (-) enantiomer at 11 to 13 min. the mother liquor dropped a second crop ahnost 
immediatdy that was filtered, washed, and dried to afford 0.06 kg salt that has a 90% ee 
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oftheC-^enantiomer. Similarly tbiid, fourth an^ . 
and 0.7 kg, respectively, obtained; with (-) enantiomer excesses of 88%, 89% and 
92%, respectively. 

The crude (+) salt (320 gm) was recrystallized from a mixture of ethanol 

5 (5.9 L) methanol (1.2 L). The mixture was heated with overhead stirring to dissolve, 
cooled at ambient tempmture for 16 hours, filtered and washed twice with 0.20 L of 5:1 
{yy) ethanolrmethanol The crystals were dried to obtain 0.24 kg of the (+) enantiomer 
that had an ee of 97%. This corresponded to an 80% recovery of this isomw. Ite 
resolved salt was suq)ended in a mixture of etfa^ (6.5 L) and water (4.0 L) with overhead 

1 0 stirring. The pH was lowered to 0- 1 as measured by pH indicating strips with a solution 
ofconcoitrated H2SO4 (0.13 L) in water (2.5 L). The phases were sq)arated and the 
organic phase and washed twice with 6.5 L portions of water. Etii^ (1.9 L) was added 
and the organic layer washed once more with 6.5 L water. After the final separation, 0.1 
L of 25% (w:w) aqueous NaQ was added clean vsp any slight emulsion. The product was 

15 dried ov^ 0.19 kg MgS04 , filtered and solvent removed solvent to obtain 0.13 kg of 
wata-wfaite syrop that solidifies on cooling. This corresponded to a 97% recov^ of 
product flutt had a 95% ee of the (+) enantiomer. [d^^SAW (c.=0.069 in methyl 
alcohol). 

The combined, erode (-) salt (200 gm) was recrystallized from isopropanol 
20 (3.1 L). The mixture was heated to dissolve almost all of the solid and fast-filtered to 
remove insohible solids. The mixture was then cooled with stirring at zmhienX 
temperature for 16 hours, filtmd, washed, and dried to obtain 0.16 kg of the (-) 
enantioma that has an ee of 97%. This corresponds to a 49% recovoy of this isomer. 
The (-) enantiomer of the add was isolated in the same manner as described above for the 
25 (+)acid. Hie resolved salt was suspended in efh^ and wat^, die pH lowered with 
concCTtrated H2SO4, and Ae product extracted m the organic phase. 

EXAMPLES 

A. Preparation of (-) 4-C3dorophenyH3-trifluoromethylphmoxy)- 
acetyl Chloride 



30 
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A 2-L evaporation flask wi^ magn^c sdrrer, Claissen adapter, pot 
thennometer and a reflux condenser routed to a gas scrubber was charged with (-) 4- 
chloropheDyH3-trifluoromethylpheiioxy>-acetic acid (143 g, 0.42 mole based on 97% 
purity) and CHCI3 (170 ml) and heated to boilmg in order to dissolve. .SOa2(38 ml, 62.1 
gm, 0.52 mole) was added. The mixture was heated to reflux (68^ C final) for 4.5 hours 
and then stripped of volatiles to obtain 151 g yellow, tuibid liquid (103% apparent yield). 
Tlie material was used in the next stq> without further purification. 

B. Preparation of (+) 4-(3iloroph€aiyl-(3-trifluoromethylphenoxy)- 
acetyl Chloride 




0 

A 3-L evaporation flask with magnetic stirr^, Claissen ads^ter, pot 
thomometCT and a reflux condense routed to a gas scrubby was charged with (+) 4- 
diloroph^yH3-trifluorometbyIphenoxy)*acetic acid (131 g, 0.37 mole) and CHCI3 (152 
ml ) and heated to boiling in order to dissolve. SOG2 (35 ml, 56.5 g, 0.48 mole) was 
5 added. The mixture was heated to reflux (70^ C final) for 4 hours and then stripped of 
volatiles to obtain 139 g liquid. The material was used in the next step without further 
purification. 

EXAMPLE6 

A. Preparation of (-) 2-AcetamidoeAyl 4-adorophrayH3- 
0 trifluon)metbylphenoxy)-8cetate 



H ^ 

* ho^"y^ «tjyii*» 

■ 108.12 



A 3-L round-bottom flask with magn^c stirrer, pot tfaomometer, under a 
nitrogen atmosphoe and in an ice-water batii was charged with DMF (420 ml), pyridine 
(37 ml, 36 g, 0.46 mole) and N-acetoelhaDolamine (39 ml, 43 g, 0.42 mole). The mixture 
; was cooled to 0^ to 5^ C and a solution of crude (-)4-cUoroph6i^H^^ 
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trifluoromethylphenoxyVacetyl chloride (151 gm, 0.42 mole based on 100% yield of 
previous step) in ether (170 ml) was added over a 40 min. pCTod so as to maintain the pot 
temperature below 13** C. The mixture was stirred at ambi«it temperature for 16 hours 
and dissolved by adding water (960 ml) followed by ethyl acetate (630 ml). The water 

5 addition proceeded exothemucally raising the temperature from 24** to 34° C. Ethyl 
acetate addition caused a temperature drop to 30** C. The layers were separated and the 
aqueous pbfise extracted once with ^yl acetate (1 25 ml). The combined organic layers 
were extracted once with 7% (w.-w) aqueous NaHCOa (1 25 ml) and five times with 60 ml 
portions of water and then twice with 60 ml portions of 25% (wnv) aqueous NaCl. The 

10 product was dried over MgS04 (42 g) and filtmd through Whatman #1 filter pupct. 
Solvent was stripped using a rotary evi^orator to obtain 1 60 g of a yellow syrup 
corresponding to an 80% yield based on the proton nmr that shows 87% product, 8% 
EtOAc, 4% non-brominated amide, and 1% DMF. This syiup was dissolved in MTBE 
(225 ml) at ambient temperature and chilled (-15** C) 85% hexanes (400 ml) was added 

15 with stirring. Two Uquids formed, then aystals» then die mixture 

solid mass was scraped onto a Buchner fimnel fitted with Whatman #1 , packed down and 
washed tibree times with 100 ml portions of 1:1 (v:v) MTBErhexanes to obtain 312 g wet 
product which dries to 1 27 gm, corre^nding to a 73% yield. 

B. Preparation of (+)2-Acetamidoethyl4-ChlorophenyK3- 
20 trifluoromethylphaioxy)-acetate 




41180 



A 3*L round-bottom flask with magnetic stirrer, pot thermometer, under a 
nitrogen atmosphere and in an ice-water bath was charged with DMF (365 ml), pyridine 
(33 ml, 32.3 g, 0:41 mole) and N-acetoethanolamine (34 ml, 38.1 g, 0.37 mole). The 
25 mixture was cooled to 0** to 5** C and a sohition of crude (+) 4-chlorophenyK3- 
trifluoromethy^)henoxy>acetyl chloride (139 gm^ 0.37 mole based on 100% yield of 
previous stq)) in dher ( 1 5 5 ml) was added over a 25 min. period so as to maintam the pot 
tempmtore below 1 3** C. * The mixture was stirred at ambient tenq)eratuie 40 hours and 
dissolved by adding, water (850 ml) followed by ethyl acetate (550 ml). The water 
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addition proceeded exothermically raising the tOTipeiature from 24** to 34** C. Ethyl 
acetate addition caused a temp^ture drop to 30** C. The layers were separated and the 
-aqueous phase extracted once with e&y] acetate (1 10 ml). The combined organic layers 
were washed twice with 55 ml portions of water and tten five times witii 55 ml portions 
5 of 25% (w:w) aqueous NaCi and dried over 30 g MgS04 and filtered througih Whatman 
#1 filter p2q[>er. SoWent was stripped mng a rotary evaporator to obtain 168 g yellow 
liquid corresponding to an 86% yield based on the proton nmr that shows 79% product, 
9% EtOAc, 8% non-brominated amide, and 4% DMF. The product was crystallized in an 
800-ml beaker by dissoWing in MTBE (200 ml) at ambient temp^-ature, cooling at -15** 

10 for 14 hours, adding 200 ml 85% hexanes and thra chilling 1 hour. The solid mass was 
so^ed out onto a Buchner funnel fitted with Whatman #1 , packed down and washed 
oncewifli 1:1 (vnr) MTBEihexanes (100 ml) to obtain 201 gm wet product. Theproduct 
was dried under nitrogen flow and tritumted with 85% hexanes (700 ml) using an 
overhead stirr^. Hie material was filtered and dried to obtain 87 gm product [ajo 

15 +2.769^ (c.=0.048 in methyl alcohol). [alD-2.716** (c.=0.049 in methyl alcohol). The 
(-^) and (-)enantiomers were also analyzed t^HPIX^usmg a 250x4.6 mm RJl- 
WhelkOl column at ambient temperature. Injected samples were 20 (it of 2 mg/mi 
solutions ofthe samples in etfaanol. The column was eluted wilh 60:40» 
isopropanohhexane at a flow of 1 ml/min. Detection was at 220 nm. The (+) enantiomer 

20 ehitedat 5.0to52min.andthe(-)amtiomerat S.7to5.9nm 

EXAMPLE7 

This example relates to the inhibition of cytochrome P450 2C9 (CYP2C9) 
by tiie compounds of the present invention. 

Tolbutamide hydroxylation activity (100 (iM ^^C-toIbutamide; 1 mM 
25 NADPH) was assayed in pooled human liver microsomes (0.6 mg protein/ml)) for 60 
minutes at 37T both with and without test oon^ouiKls. Racem]chalofenicacid,(-) 
halofiniic add and (+)halofenic acid weris tested (0.25 pM to 40 (iM). As shown in 
Figure 1, racemic halofenic acid inhibited CYP2C9-mediated tolbutamide hydioxylation 
activity in human Iwex microscmieis with an apparent IC50 of 0.4S |iM. A substantial 
30 difiference was noted in (he ability of fte caiantiomers of halofmc acid to inhibit 
CYP2C9. The (+) halofiaiic add had an apparent IQo of 022 pM whereas the (-) 
halofenic add was ahnost 20-fold less potent with an qiparent ICso of 3.6 fiM. 
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EXAMPLES 

This el:ample relates to the time course of gIucose>loweiing for the 
compounds of tiie present inventioa 

A. Material and Methods 

5 Male» 9-10 weeks old, C57BL/6J ob/ob mice were purchased fiom The 

Jackson Laboratory (Bar Harbor, ME, USA). Animals were housed {4-5 mice/cage) under 
standard laboratory conditions at 22°C and 50% relative humidity, and were maintained 
on a diet of Purina rodent chow and water ad libitum. Prior to treatment, blood was 
collected fiom the tail vein of each animal. Mice that had non-fasting plasma glucose 

10 levels between 300 and 500 mg/dl were used. Each treatment group consisted of 10 mice 
that were distributed so that the mean glucose levels were equivalent in each grovq) at the 
start of die study. Mice were dosed orally once by gavage with either vehicle, racmic 
halofenate (250 mg/kg), (-) halofenate (250 mg/kg) or (+) balofenate (250 mg/kg). All 
compounds were dehvered in a liquid fomiulation contained 5% (v/v) dimethyl sulfoxide 

15 PMSO), 1% (v/v) tween 80 and 2.7% (w/v) meftylcellulose. The gavage volume was 
: 10 ml/kg. Blood samples were taken at 1 .5, 3, 4.5, 6, 7.5, 9 and 24 hour after the dose and 
analyzed for plasma glucose. Plasma glucose concentrations were deteimmed 
colorimetrically using glucose oxidase method (Sigma Chemical Co, St. Louis, MO, 
USA). Significance difference between groiq)s (comparing drug-treated to vehicle- 

20 treated or between drug-treated groups) was evahiated using Studoit unpaired t-test 

B. Results 

As illustrated in Figure 2, racemic halofenate significantly reduced plasma 
glucose concentrations at most of the tiinqwints with the peak activity at 9 hours, (-) 
Halofenate showed a plasma ghicose reduction as early as 1 .5 hours and reached its peak 
25 activity at 3 hours. Ibe plasma glucose concentrations remained low 19 to 24 hours. (+) 
Halofenate did not show significant activity until 4.5 hours and the peak activity was at 
7.5 hours. Plasma ghicose started to rd)ound afterward, lliere were significant 
differraces betwera (-) and (+) enantiomers of balofenate at the 3 and 24-hour 
timepoints. The activity of the (-) halofenate was more Tspid onset and sustained long^. 

30 EXAMPLE 9 

This example relates to the Glucose lowering activity of the confounds of 
the present invention. 
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A. . Materials and Methods 

Male, 8-9 weeks old, C57BL/W ob/ob mice were purchased fiom The 
JacksonLaboratoiy(BarHaibor,ME,USA). Animals were housed (4-5 mice/cage) 
undCT standard laboratory conditions at 22'*C and 50% relative hum 
5 maintained on a di^ of Purina rodent chow and water ad libitum. Prior to treatment, 
blood was collected from the tail vein of each animal. Mice that had non-fasting plasma 
glucose levels between 300 and 520 mg/dL were used. Each treatment group consisted of 
10 mice that were distributed so that the mean glucose levels were equivalent in each 
groiq) as the start of the study. Mice were dosed orally by gavage once a day for 5 days 
10 with either vehicle, racemic halofraate (250 mg/kg), (-) halofenate (125 and 250 mg/kg) 
or (+) halofenate (125 and 250 mg/kg). Racemic halofenate was delivered in 2.7% (w/v) 
methylcellulose and both the (-) enantiomer and (+) enantiomer were deliv^ed in a liquid 
• formulation contained 5% (v/v) dimethyl sulfoxide (DMSO), 1% (v/v) tween 80 and 
2.7% (w/v) methylcellulose. The gavage volume was 10 ml/kg. Blood samples w«re 
15 taken at 3, 6, 27, 30 and 120 hour after the first dose and analyzed for plasma glucose and 
insulia The animals were fasted ovemight (14 hours) before the 120 houre san^ling. 
Plasma glucose concaitrations were determined colorimetrically using glucose oxidase 
method (Sigma Chemical Co, St. Louis, MO, USA). Plasma insulin concaitiations wm 
detennined by using the Rat Insulin RIA Kit from Linco Research Die. (St Charles, MO, 
20 USA). Significance differ^ce between groups (comparing drug-treated to vehiclo- 
treated) was evaluated using Student unpaired t-test 
B. Results 

As ilhistrated in Figure 3, (-) halofenate significantly reduced plasma 
glucose concentrations at 6, 27 and 30 hours. (-) Halofenate at both dosage levels 

25 significantly lowered plasma glucose conoratrations at 6, 27 and 30 houis. The hi^-dose 
(250 mg^) w^ also active at 3 horns. (+) Halofoiate at 125 mg/kg showed plasma 
glucose reduction at 6 and 27 hours, where at 250 mg/kg, lowered plasma glucose 
Goncentzations woe observed at 3, 6, 27 and 30 hours. Plasma insulin levels are shown in 
Figure4. Racemic halofenate significant^ reduced insulin at 6 and 27 ho Plasma 

30 insulins were significantly reduced in the (-) halofenate groi^ at 

and was significantly reduced at 30 hours in the animals treated with 250 mg/kg/day. (+) 
halofenate dgnificantly reduced insulin at 27 and 30 how at bo& At 125 
mg/kg/day a significant reduction was also observed after 6 hours. Afierfastiiiig 
ovemigjit (at 120 hoursX all treatments reduced plasma ghicose concentrations 
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significantly (Figure 5). Plasma insulins were significantly reduced in all halpfenate 
treated groups except the (+) halofenate at 125 mg/kg/day (Figure 6). 

EXAMPLE 10 

This example relates to the improvem^t in Insulin Resistance and 
S Impaired Glucose Tolerance for the compounds of the present invention. 

A. Materials and Methods 

Male, 8-9 weeks old Zucker fa/fa rats (Charles River, ) were housed (2-3 
rats/cage) under standard laboratory conditions at 22^C and 50% relative humidity, and 
were maintained on a diet of Purina rodent chow and water ad libitum. Prior to treatment, 

iO rats were assigned to 6 groups based on body wdght Each treatment group consisted of 8 
rats. Rats were dosed orally once by gavage with either vehicle, racemic haIof(aiate (100 
mg/kg), (-) halofenate (50 or 100 mg/kg) or (+) halofenate (50 or 100 mg/kg). All 
compounds were delivered in a liquid formulation contained 5% (vAr) dimethyl sulfoxide 
PMSO), 1% (vAr) tween 80 and 2.7% (wA^) methylcellulose. The gavage volume was 10 

IS ml/kg. AU rats received an oral glucose challoige (1.9 g/kg) 5.5 hours after the treatment 
and 4 hours after withdrawal of the food. Blood sanq^les were taken at 0, 15, 30, 60, 90, 
120, and 180 minutes following the ghicose challoige for plasma glucose measurement 
The vdiicle, (-) halofenate (SO mg/kg) and (+) halofenate (SO mg/kg) groups were 
subjected to an insulin challoige following daily gavage of the respective treatments for S 

20 days. On day S, rats received the intrav^ous insulin (0.75 U/kg) S.S hours afta the last 
dose and 4 hours after withdrawal of the food. Blood smples were taken at 3, 6, 9, 12, 1 5 
and 1 8 minutes following the insulin injection for plasma glucose measurement Plasma 
glucose concentrations were determined colorimetrically using glucose oxidase mdhod 
(SigmaChemical Co, St Louis, MO, USA). Significance differoice between groups 

25 (conqrazing drug-treated to vehicle-treated or b^een drug-treated groups) was evaluated 
using Student uiq)aired t-test 

B. Results 

As illustrated in Figure 7A. Zucker fotty rats with bnpaired Glucose 
Tolerance had lower plasma ghicose levels after a glucose challenge following treatment 
30 with halofenate. The (-) halofoiate was the most effective in lowering fte glucose and 
had an effect timt persisted longea* than the racemate or ('f) enantiomOT^ Figure 7B shows 
the incrmoital area under die curve (AUQ for all the treatment groups. The animals 
treated with the (-) halofenate showed si^iificant reductions in the glucose area relative 
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to vehicle-treated controls. Altfaou^ the AUG was decreased in the groups treated with 
the racemate or (+) halofenate, the effects were not as great as in the (-) halofenate- 
treated rats and the differences were not statistically significant 

Changes in insulin sensitivity were assessed by monitoring the fall in 
5 glucose after an intravenous injection of insulin. The slope of the line is a direct 

indication of the insulin s^itivity of the test animal. As tdiown in Figure 8» the insulin 
sensitivity was improved significantly aft^ 5, days of treatment with (*) halofenate 
compared to the vdiicle-treated controls (p < 0.01) and animals treated with 
halofenate (p < 0.05). Treatment with ) halofenate had a small effect on insulm 
10 sensitivity that was not significandy diffa:ent firom the vehicle-treated control (p = 0.083). 
Treatment with (-) halof<mate substantially reduced the msulin resistance in Ae Zucker 
&tty lat, a well-established model of Inqiaired Glucose Tolerance and insulin resistance. 

EXAMPLE 11 

This example relates to the lipid lowering activity of the compounds of the. 
15 present invention 

A. Materials and methods 

Male Zucker diabetic fatty (ZDF) rats were obtained firom GMI 
Laboratories (Indianqx)lis, IhQ at 9 weeks of age. Vehicle or enantiomm of halofenate 
administered by oral gavage on a daily basis starting at 74 days of age. Initial blood 
20 samples wore obtained for analysis one day before treatment and at the bdicated times in 
the treatment protocol Blood was analyzed for plasma triglyceride and cholesterol by 
standard techniques. 

B. Results 

III experiment I ammals received a dose of 25 mg/kg/day. As shown m 
25 Figure 9A and Figure 9B, a significant decrease in plasma cholesterol was noted only m 
animals treated with the (-)halofenate after 7 and 13 days of treatment In Experiment 11, 
aninuds at 107 days of age received daily doses of either 12.5 mg/kg/day or 27.5 
mg/kg/day of fte (-) and (+) enantiomm of halofenate. As shown in Figure lOA and 
Fig^ 10B» the plasma diolestool was significantly lower on the high dose after 7 da^ 
30 but not after 14 days oftreatment with die (+) halofenate. Incontrast»forthe(-) 

halofenate at the low dose, a significant decrease in cholesterol was obs^ed after 7 days. 
At die high dose a mu^ greater decline m plasma cholesterol was noted ftiat wa^ 
apparent both after 7 and 14 days of treatment As shown in Figure 1 lA and Figure 1 IB, 
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a significant decrease in plasnnta triglyceride was also noted 7 days after treatment at.the 
high dose which was of greater magnitude in animals treated with the (-) raantiomer of 
halofenate. 

S EXAMPLE12 

This example relates to the ghicose lowering activity of (±) halof^e 
analogs and (-) halofenate analogs. 

A. Materials and methods 

Male, 8-9 wedcs old, CS7BL/6J ob/ob mice were purchased from The 

10 Jackson Laboratory (Bar Harbor, ME, USA). Animals wm housed (4-S mice/cage) 
under standard laboratory conditions at 22 ^ 3^C tempoatore and SO i: 20% 
humidity, and were maintained on a diet of Purina rodent chow and water ad libitum. 
Prior to treatment, blood was collected bom the tail vein of each animal. Mice that had 
non-fasting plasma ghicose levels betweoi 250 and 500 mg/dl were used. Each treatment 

15 group consisted of 8-10 mice that were distributed so that the mean ghicose levels were 
equival^t in each group at the start of the study. Mice were dosed orally by gavage once 
a day for 1-3 days wiOi dtiier vehicle, (-) halofmc acid, (±) analog 14, 29, 33, 34, 35, 
36, 37, or 38 at 125 mg/kg or (-) analog 29, 36, 37 or 38 at 150 mg/kg. Compounds woe 
delivered in a liquid fonnulation containing 5% (v/v) dimethyl sulfoxide PMSO), 1% 

20 (v/v) tween 80 and 0.9% (w/v) methylcellulose. The gavage volume was 1 0 ml/kg. 

Bipod samples were taken at 6 hours after the each dose and analyzed for plasma glucose. 
Food intake and body weight were measured daily. Plasma glucose concentrations were 
detemuned colorimetrically using glucose oxidase method (Sigma Chemical Co, St 
Louis, MO, USA). Significant difference betwe^ groiq)s (comparing drug-treated to 

25 vehicle-treated) was evaluated using the Student unpaired t-test. 

B. Results 

As illustrated in Table 2, compounds were evaluated in 5 different 
e3q)erimaits. Single dose (-) halofenic acid significantly reduced plasma glucose 
conc^trations at 6 hours. Analog 1 4 significantly lowered plasma glucose 
30 concentrations at 6, 30 and 54 hours. Analog 33 significantly lowered plasma glucose 
concentrations at 6 and 54 hours. Analog 29 land 38 significantly lowered plasma glucose 
concentrations at 6, 30 and 54 hours. Analog 35 and 36 significantly lowered plasma 
glucose CQimntrations at 30 and 54 hours. Analog 37 significantly low^:ed plasma 
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glucose concentrations at 54 hours. Single dose (-) analogs 29, 36, 37 and 38 
agnificantly reduced plasma glucose concentrations at 6 hours. Compound treatments 
did not a£rect the animal's food intake and body weight 



5 




Formula n 



Table 1: (±) and (-) Halofenate analogs. .Compoands described in reference to 



10 FormulalL 



Cmpd No. 


X 


CXs 


R» 


halofenic 
acid 


a 


CFs 


H 


14 


F 




(CHa^NHAc 


29 


Br 


Cf3 


(CH2)2NHAc 


33 


a 


CF3 


(CH2),CH3 


35 


a 


CF3 


(CH2)2N(CH3)2 


36 


a 


CF3 


(CH2)2NHCOPh 


37 


o 


CF3 


CH2CONH2 


38 


a 


CF3 


CH2CON(CH3)2 
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Table 2 GlucQse'lowering Activities of afflalofenate and MHalofenate Analogs 



Predose 



Glaeose 



6hoors 



Gtaeose 
(mg/dl) 



mm 



vs. vdi 



30 boars 



Qncose 
(mg/dl) 



VALUE 
vs.veh 



54 hours 



Glucose 
(mg/di) 



vs. veh 



Vehicle 



312^18 



303^:19.8 



NA 



NA 



^ofaic 
acid 



312.9*17.7 



163.8±11.8 



0.0011 



NA 



NA 



Vdiicle 



360.2±27.8 



40S.&b25.8 



356.0427.6 



386.1±20.6 



(±)Ana]og 14 



361.0til7.1 



328.9fc34.1 



0.0444 



267.0ii21.3 



0.0099 



293.0t^29.4 



0.0092 



Vdiicle 



291.6*18.5 



363.0i:2S.l 



340.&k3O.0 



351J±23.8 



(±)Analog33 



292.0*19.1 



227i±l3.2 



0.0001 



298.Q1:15J 



0.1119 



286.6*9.9 



0.0125 



Vehicle 



387.1±143 



3262±21S 



374.0*37.9 



(:fe)Ai)alog29 



387.U16.0 



299.T*24.5 



0.0259 



237.4±14.9 



0.0020 



293.349.7 



0.QZ68 



(±)Analog35 387.0±18.0 



319.6*26.7 



0.0834 



276.8*17.6 



0.0504 



2862*31.5 



0.0458 



(4)Analog37 



387.4*18.8 



345.4*19.7 



NS 



312^*21.7 



NS 



285.1*14.7 



0.0210 



Vehicle 



329.6*16.1 



361.8*23.2 



346.5*24.6 



379J±24.4 



(*)Analog36 



329.7*17.6 



300.5*27.3 



0.0522 



249.7*8.6 



0.0008 



272.2*18.4 



0.0013 



(*)Analog38 



329.4*18.9 



3032*182 0.0312 



245.6*15.6 



0.0014 



243.1*10.6 



0.0000 



Vehicle 



373.0*13.6 



405.8*33.7 



NA 



NA 



(.)Analog36 



3732*15.5 



281.1*182 



0.0019 



NA 



NA 



(.)Analog37 



373.4*16.1 



271.7*22.5 



0.0018 



NA 



NA 



(•)Aiialog38 



373.4*16.1 



251.2*23.6 



0.0007 



NA 



NA 



(-)AnalQg29 



3722*17.1 



333.5*16.1 



0.0353 



NA 



NA 



EXAMPLE13 

lliis exan^le relates |o acomiMiiison bmreen the activities of (-) 
halofenate and (+) balofenale. 
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A. Materials and methods 

Male 8-9 wedc old ZDF rats were purchased from G^etic Models, Inc. 
(Indianapolis* IN)* Animals were housed (3 n^cdge) under standard laboratory 
conditions at 22 db 3 'C temperature and SO ± 20% reliative humidity, and wm maintained 
5 on a di^ofPurina rodent chow and wato* a/ /ifrxTum. Prior to tieatmrat, blood was 
collected from the tail vein of each animal. Rats diat had 4-hour &sting plasma glucose 
levels b^een 200 and 500 mg/dL were used. Eadi treatment group consisted of 8-10 
rats that were distributed so &at the mean glucose levels were equivalent in each groiq> at 
the start of the study. Rats were dosed oially by gavage once a day for 3 days with eidier 

10 vehicle, (-) halofenate or (+) halofenate at 50 mg/kg. Compounds were delivered in a 
liquid formulation containing 5% (vAr) dimethyl sulfoxide (DMSO), 1% (vA^) tween 80 
and 0.9% (w/v) methylcelhilose. The gavage volume was S ml/kg. Blood samples were 
taken at 5 hours post dose on day 2 and 3. Plasma ghicose concentrations wo^ 
determined colorimetrically using ghicose oxidase method (Sigma Chemical Co, St 

15 Louis, MO, USA). Significant difference between gFO^)s (comparing drug-treated to 
vehicle-treated) was evaluated using the Student unpaired t-test. 

B. Resuhs 

Oral administration of (-) halofenate at SO mg/kg significantly reduced 
plasma glucose concentrations , while (+) halofenate at the same dosage levels failed to 
20 reduce plasma glucose concentrations as con^ared to vehicle-treated animals (Figure 12)« 

EXAMPLE 14 

This example relates to a pharmacokinetic study of (±) halofenate and (-) 

halofenate. 

25 A Materials and methods 

Male 225-250 g SD.rats were purchased from Charles River. Animals 
wm housed (3 rats/cage) under standard laboratory conditions at 22 3 *C tenq)erature 
anil 50 ± 20% retotive humidity, and were maintained on a diet of Purina rodent chow and 
wBltier ad libitum. A catheter was placed in the left carotid arteqr under sodium 

30 pentobarbital (50 mg/l^i.p.) and annuals were allowed to recover for 2 days before 
treatment Single dose of (±) halofenate or (-) halofimate at 50 mg/kg were administoed 
byoral gavage. Compounds were dehvoed in a liquid formulation containing 5% (v/v) 
dimethyl sulfoxide (DMSOX 1% (v/v) tween 80 and 0.9% (w/v) methylceOulose. The 
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gavage volume was 5 ml/kg. Blood saiiq)les were collected at 1, 2, 4, 6, 8, 12, 24, 48, 72, 
96 and 120 hours post dose. The plama samples were analyzed for each enantiomeric 
add ((-) halofenic acid and (+ ) halofenic acid) by a chiral specific HPLC assay, since the 
esters are prodnigs, which are designed to convert to their req)ective enantiomeric acids 
5 jnvrvo. 

B. Results 

After oral administxation of (±) halofenate, both (-) halofiaiic acid and (+) 
halofenic add were detected in the plasma sanqples. As shown in table 3, it appeared that 
the two enantiommc adds had different di^sitional profiles. The elimination of (-) 

10 halofenic add was mudi slower than (+) halofenic acid As a result, the AUC of (-) 
halofenic add was significantly higher than die AUC for (+) halofoiic acid, 4708.0 vs. 
758.0 jig h/mL and the terminal half-life was 46.8 vs. 14.3 hours. 

After oral administration of (-) halofraate, the dispositional profile of (-) 
halofenic acid was basically identical to the administration of (±) halofenate as the 

15 terminal half-life is the same (Table 2). The Cmax and AUC pf (-) halofenic add were 
piopcntionally higher sinq)Iy due to higher amount of (-) halofenate administored (Table 
3). (+) Halofenic acid was also d^ected m ftie plasma but the concentration was much 
lower than (-) halofenic acid. It is specuhted that (+) halofenic add was formed in vivo 
smce the terminal half-life (Tm) of both adds was similar. 

20 These results suggest ftie use of (-) halofenate is more desirable since the AUC of 

(-) halofoiic add was significantly higher than the AUC for (+) halofi^c add. 
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Table 3: Pharmacokinetic Analysis of (-) Halofenate (- Enantiomer) and (+) 



Halofenate (+ Enantiomer) 



Drag administered 


(-) Halofenate (n» 3) 


(±) Halofenate (n si) 


Enantiomer 




+ 




♦ 


Dose administered* 


" 50mg/kg 


0 (metabolite) 


25mg/kg 


25mg/kg 


CM>(|ig/mL) 


114.6 + 29.7 


2.4 +0.5 


65.2 


30.5 




8-12 


6-12 


12 


6 


AUCOtghtoiL) 


7159+1103 


164J +79.3 


4708 


758 


Ti/2 (hours) 


46.4 +4.7 


41.7+11.8 


.46.8 


14.3 


The dose of each enantiomer in (±) 1 


talofenateis50%ol 


'the total dose of the racemic 



mixture. 



5 

Table 4: Plasma CoDcentrations of (-) halofenic add and (+) balofenic acid foDowing 



a single dose ofH lialofenate. 



Time (hour) 


rnmnound Analyzed (uv/mU 


(-) halofenic acid 


M halofenic add 


Rat 8 


Rat9 Rat 11 


Rats 1 






0 






m 


POL 


BOL 


POL 


1 


81.2 


23,7 


6\,0 


m 


BOL 


BOfr 


2 


100.1 


30.4 ■ 




1,27 


BOL 


1.09 


4 




36.9 




1<57 


BOL 


1.95 




\m 


56.5 


116.3 


2.96 


BOL 


1.7? 


8 


i?p 


79.0 


127.8 


2,58 


BOL 


2.06 


12 




80.6 


104.8 


2,?5 


2J3 


2.09 


24 


82.5 


7?,1 


66,5 


222 


1.29 


1.86 


48 


m 


44,5 , 


47.1 


1.64 


m 


1.14 


72 


39.7 


37,4 


30.8 


1.2!} 


PPL 


BQL 


86 


31.1 


N/A 


24.6 




N/A 


BQt, 


120 


20.3 


m 


m 


BQL 


N/A 


N/A 



*BQL - Below Quantifiable Liniit< 1.00 (igM, 
K/A s san^le not avaiUUe 

10 
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EXAMPLE 15 

This example relates to the prevention of the development of diabetes and 
the alleviation of hypertriglyceridemia by (-) halofenate. 

A. Materials and methods 

5 Male, 4 weeks old, C57BL/6J db/db mice were purchased from The 

Jackson Laboratory (Bar Harbor, MB, USA). Animals were housed (5 mice/cage) under 
standard laboratory conditions at 22 i: 3V temperature and 50 ± 20% relative humidity, 
and were maintained on a powder diet of Purina rodent chow (#8640) and water ad 
libitum. Prior to treatm^t, blood was collected from the tail vein of each animal for 
10 plasma glucose, insulin and triglyc^de concoitrations. Mice were distributed so that the 
miean glucose levels and body weight woe equivalent in each groiq) at (he start of the 
study. The control group (20 mice) was put on powd^ chow mixed widi 5% suoose and 
the treatmmt group (20 mice) was put on powdff chow mixed with 5% sucrose and (-) 
halofenate. The amount of (-) halofenate in the diow was adjusted continuously 
15 according the.animal's body wdght and food intake to meet the target dosage of 150 
mg/I^day. Blood sanq)!es woe takra at 8-10 AM once a week for 9 weeks under non- 
fasting condition. Food intake and body wdj^t were measured eyoy I -3 days. Plasma 
ghicose and triglyceride concentrations wm determined colorimetrically using kits from 
Sigma Oi^cal Co (No. 315 and No. 339, St Louis, MO, USA). Plasma insulin levels 
20 were measured using RIA assay kit purchased from Linco Research (St Charies, MO). 
Significant differences betwe^ groups (comparing drug-treated to vehicle-treate<Q was 
evaluated usmg Student uqiaired t-test 

B. Results 

C57BL/6Jdb/dbmiceat4wed^ofageareinapre-diabeticstate. Their 
25 plasma ghicose concaitratiQns are normal, but the plasma insulin concentrations are 
significantly elevated. As illustrated in Figure 13, the plasma glucose concmitrations in 
both groups were nomud at die start of the experiment Following die natural course of 
diabetes developm^it, plasma glucose levels in die control group increased progressively 
as the animals aged, while die increase of plasma glucose levels in the (*) halofenate 
30 treated groiq) was prevented or significandy delayed As dq)icted in Figure 15, about' 
30% of mice did not develop diabetes m die (-) halofenate treated group when diabetes is 
defined as plasma glucose levels >250 mg/dl. On die other hand, none of the mice in the 
control groiq) was fipee of diabetes by the age of 10 weeks. Consistent widi die plasma 
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. glucose finding, plasma insulin in the control group decreased progressively, indicating 
deterioration of the ability of the pancreas to secret insulia (-) Halofenate treatment 
maintained the plasma insulin concentration, indicating prevention of the deterioration of 
pancreatic fimction (Figure 14). 
S Figure 16 shows progression of the plaana triglyc^de concmitrations 

vorsus aige in CSTBI^fiJ db/db mice. (-) Halofenate administration alleviated the increase 
of plasma triglyceride concoitration over the course of the experiment: 

EXAMPLE 16 

10 This example describes the preparation of (-) 2-Acetamidoethyl 4- . 

ChlQrophenyl-(3-trifluorom^y^haioxy)-acetate((-)ha]ofaiate). . 

a DTMonylChioflte 

at^AcelylB fta no lamiw ^ Br 



4-Chloropheiiyiacetic add was combined with 1,2-dichIoroeftane and the 
15 resulting solution was heated to 45 ^C. Thionyl chloride was added to the reaction 
mixture, which was heated at 60 for 1 8 hours. The reaction was allowed to cool to 
room temperature and was then added slowly to a sohition of N-acetylethanolamine in 
dichloromethane. After stirring 30 min., die reaction was quoiched with aqueous 



20 dried ova- magnesium sulfite and filtered Removal ofthesolvoit by rotary evaporation 
provided N-acetyhoninoelfayl 2-bn)mo-2-(4-chlorophenyl)acetate as an oil. 





1. KOHrtPA 
2l RBCThittwi 



3-Hydroxybenzotrifluoride was added to a solution of potassium 
25 hydroxide in isopropanoL N*acetylaminoethyl2-bromo-2-(4-chiorophenyl)ac^atein 
isopropanol was added to the tsopropanol^henoxide solution and stirred at room 
teQq)erature for 4 hours. The isopropanol was removed by vacuum distillation, and the 
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resultmg slush was dissolved in ethyl acetate and washed twice with water and once with 
brine. After drying over magnesium sulfate and filtration, the solvit was removed to 
give crude product as an oil. The crude product was dissolved in hot toluene/hexanes (1:1 
v/y) and cooled to between 0 and 10 to o^tallize the product The filter cake was 
5 wasbedwittihexanes/tohiene(l:l v/v)andthendriedundervacmnnatSOX. The 
isolated solid was dissolved in hot 1:6 (v/v) isopropanol in hexanes. After cooling, the 
pure racemic 2-Acetamidoethy] 4-Cblorophenyl-(3-trifluoro methylphaioxy)-acetate 
fonned as a crystalline solid The solid was collected by filtration, the filtor cake washed 
with 1 :6 (vAr) isopropanol in hexanes and dried under vacuum at 50 

10 The racemic compound was dissolved in a solution of 20% isopropanol 

(EPA) and 80% hexane at 2.5% (wt/wt). The resulting sohition was passed ov^ a Whelk* 
0 Qmal Stationary Phase (CSP) in continuous fiishion until >98% ee extract could 
be removed The solvit was ev£^ratedfix)m the extract und^ reduced pressure to 
provide (-) 2-Acetamidoediyl 4-Chlorophenyl-(3-trifluon) methyIphenoxy>-ac^te. (The 

15 Simulated Moving Bed resolution was conducted by Universal Phann Technologies 
of 70 Flagship Drive, North Andoyer, MA 01845.) 

EXAMPLE 17 

This example relates to the lowering of plasma uric acid levels through the 
20 administration of (-)halof^ate. 

A. Materials and methods 

Male SD rats, weight 275-300 g were purchased from Diaries River. 
Animals wm housed (3 rats/cage) under standard laboratory conditions at 22 ± 3^C 
temp^ture and 50 ± 20% relative humidity^ and wm maintained on a powder diet of 

25 Purina rodent chow (#8640) and water ad libitum. To establish a hyperuricemic state, 
animals were put on a diet contammg 2.5% (w/w) of oxonic acid (Sigma Chemical Co» 
St Louis, MO, USA) throughout the experiment. Oxonic acid elevates plasma uric acid 
by inhil>iting uricase. Rats were screened for plasma uric acid levels 3 days after they 
were placed on the diet, and those tiiat had extreme plasma uric acid levels were . 

30 excluded Rats were assigned to one of three groiqps and the mean uric acid levels were • 
equivalent in each group. Rats were dosed orally by gavage once a day for 3 days witii 
eitii^ vdiicle, (-) halofenate or (+) halofenate at 50 mg/kg. On the 4^ day, respective rats 
ieceived(-)halofenate or (i>)halofenate at 100 nag/kg and all rate^^^ . 
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injection of oxonic acid (250 mg/kg) 4 hours after the oral gavage. (-) Halofenate and (+) 
halofenate were delivered in a liquid formulation containing S% (v/v) dimethyl sulfoxide 
(DMSO), 1% (v/v) tween 80 and 0.9% (w/v) methylcellulose. Oxonic acid was delivered 
in a liquid formulation containing 0.9% (w/v) methylcellulose. The gavage and injection 
5 volumes wm 5 ml/kg. Blood sanoples were taken at 6 hours post oral gavage on day 4. 
Plasma uric acid levels were detennined colorimetrically using the Infinity Uric Acid 
Reagent (Sigma Qiemical Co, St. Louis, MO, USA). Significant difference betwe^ die 
groups (comparing drug-treated to vehicle-treatecO was evaluated using the Student 
uiq>airedt-test. 
10 B. Results 

As diown in Figure 17, oral administration of (-) halofenate significantly 
reduced plasma uric acid levels. (+) Halofonate also lowered plasma uric add levels, but 
it was not statistically significant 

IS EXANfPLBlS 

This exanq>le relates to the inh!l>ition of cytochhmie P4S0 i^fonns by die 
conq[)ounds of the presoit inventioit 

A. Materials and methods 

The following probe substrates were used to investigate die inhibitory 
20 potential of die test article on die cytochrome P450 isofonns 1 A2, 2A6, 2C9, 2C19, 2D6, 
2E1 and 3A4: 100 (xM phenacetin (CYPl A2), 1 ^M coumarin (CY)2A6), 150 ^M 
tolbutamide (CYP2C9), 50 nM S-mephenytoin (CYP2C19), 16 \iM dextromethorphan 
(CYP2D6), 50 nM chlorzoxazone (CYP2EI), and 80 jiM testostaone (CYP3A4). The 
activity of each isoform was detennined in human hepatic microsomes in the presence 
25 and absence ofdie test article. 

Unless odieiwise noted, all incubations conducted at 37 ^C. The 
sample size was N = 3 fin: all test and positive control conditions and N = 6 for all vdiicle 
control conditions. (-) Halofouc add (MW = 330) was prepared at room tempmture as 
lOOOX stocks in medianol, dien diluted widi Tris buffer to achieve final concentrations of 
30 0.33, 1.0, 3.3, 10 and 33.3 fiM, each containing 0.1% medianol A vdiide control (VQ 
consisting of microsomes and substrate in THs buffer containmg 0.1% medianol widiout 
the test article was included finraUeqioimental groups. Positive coitfrolCPQ mixtures 
* were prq>aied using die fi>llowingl3nownCYP45.0inhi1^^ 
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(CYP1A2), 250 fiM tranylcypromine (CYP2A6), 50 \M sulfaphenazole (CYP2C9), 10 

oinq)razole (CYP2C19), 1 quinidine (CYP2D6), 100 4-m^ylpyrazole 
(CYP2E1), and 5 pM ketoconazole (CYP3A4). A chromatographic interference control 
(dC) was mcluded to investigate the possibility of dux>matographic int^erence by the 
5 test article and its metabolites. The test article ( at 33.3 (ig/mL) was incubated with IX 
microsomal protein, IX NRS, and 10 pL of an q)propriate organic for an ^ropriate 
time p^od as described below. 

StablCi frozen lots of pooled adult male and female hq>atic microsomes 
prq)ared by dififermtia] centriliigation of liver bomogoiates were used in diis study {see, 

10 eg.,Guengerich«F.P.(1989). Analysis aiid characterization of enzymes. In Principles 
and Methods of Toxicology (AW. Hayes, M), 777-813. Raven Press, New York.). 
Incubation mixtures were prepared in Tris buffer to contain microsomal protein (1 
mgAnL), each concentration of the probe substrata (as lOOX stocks), and the test article 
(at each concentration) or PC as qjpropriate for each isofoim. After a S-minute 

15 preincubation at 37 NADPH regenerating system (MRS) was added to initiate die 
reactions, and the samples were incubated at 37 T for the following time periods: 30 
minutes for pbenacetin (CYP1A6), 20 minutes for coumarin (CYP2A6), 40 minutes for 
tolbutamide {CYP2C9), 30 minutes for S-mephenytoin (CYP2C19), 15 minutes for 
dextromethorphan (CYP2D6), 20 minutes for chlorozoxazone (CYP2E1), and 10 minutes 

20 for testosterone (CYP3A4). Incubation reactions were tenninated at the appropriate time 
with the addition of an equal volume of methanol, except for the incubations with S- 
mq)henytoin, which were temiinated with die addition of 100 (xL of p^hloric add. All 
substrates wore evahiated near dieir respective Km concatrations, as previously indicated. 

A&cr eadi mcubation» tiie activities of the P4S0 isofoims were detomined 

25 by measuring the fates ofmetabolism for the respective probe substrates. Themietabolites 
monitored fiyr each probe substiatewere as follows: 8cetaminq)hmforCYPlA2;7- 
hydroxycoumarin for CYP2A6; 4-hydroxytolbutramide for CyP2C9; 4- 
hydroxymqihenytoin for CYP2C19; dextrorphaii for CYP2D6; 6*hydroxychk)izoxazone 
for CYP2E1; and 6p-hydroxyt6St05terQne for CyP3A4. Activities were analy^ using 

30 HPLC Qn Vitro Technologies, Inc., Balthnore, MD). 

bhiUtipn was calculated usmg flie following equation: 

. PercmMibiUon-[(veki€le control -^edtmeni)/^ 
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Percent inhibition data for the test article was presented in a tabular format. Descriptive 
statistics (mean and standard deviation) of each test article concentration were calculated, 
then presented to show inhibitory potency. IC50 values were also calculated for the test 
S article using a 4-parameter cur^e fitting equation in Softmax 2.6. 1 . 

Measures of time, temperature, and concentration in this example are 

q>proxiniate. 

B. Results 

Hie results for each of the 7 isoforms of cytochrome P4S0, expressed as 
10 metabolic activity and poxentage of inhibition, are presmted in Tables S-8. (-) 

Halofenic add inibited 4-hydroxytolbutamide production (CYP2C9, ICSO = 1 1 fiM) and 
also inhibited 4-hydn>xymq>h^ytoin production (CYP2C19) at the 10 and 33 (iM dose 
levels. Inhibition ofotherCYP450isofonns was not observed It ^ould be noted that 
(he ICSO for CYP2C9 in this experimrat was approximately three times that rqported in 
IS Example7(llpMascoii]])aredto3.6|iM). This result is most likely dtte^ at least in 
part» to the use of a lower purity (-) halofenic acid (lower ee) in Example 7. 
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Table 5: Hepatic microsomal activities of phenacetin (CYPl A2) and coumario 
(CyP2A6) in male and female homan microsomes incubated with (-) balofimic add 



at doses of 


U3,1.0 


, 33, 10, and 33 J mM 


Control/ 




Phenacetin 


Coumarin 


Test 


Cone 


AC Production 


% 


7.HC 


% 


iullvlC 




(pmol/mg 


Inhibitio 


Production 


Inhibition 






protein/min) 


n 


(pmol/mg 












protdn/ntin) 




ac 


33.3 


0.00 ±0.00 


NA 


0.00 ±0.00 


NA 


vc 


0.1% 


118±2 


0 . 


32.0 ±1.4 


0 


FUR 


5 


54.5 ±1.3 


54 


NA 


NA 


IRAN 


250 


NA 


NA 


0.00 ±0.00 


100 


(-) 


0J3 


116±2 


1 


333 ±0.7 


-4 


lialofenic 


1.0 


118 ±2 


0 


32.6 ±0.7 


-2 . 


add 


33 


119±2 


-1 


32.1 ±0.7 


0 




10 


119±2 


-1 


33.1 ±0.7 


-3 




33.3 


119±2 


-1 


323 ±0.7 


•1 




IC» 


NA 




NA 





Values ax€ the mean ± standard deviation of N = 3 samples (VC: N =^ 6). Abbreviations: 
5 Cone, concratration; AC, acetaminophen; 7-HC, 7-hydix)xycoumaiin; CIC, 

chromatogr^hic interference control; VC, vehicle control (0.1% methanol); NA» not 
appUcable; FUR, fuiafylline; IRAN, tranylcypronm 
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Table 6: Hepatic microsomal activities of tolbutamide (CYP2C9) and S- 
mepbenytoin (CYP2C19) in male and female human microsomes incubated with (-) 
hatofenlc acid at doses of 033, 1.0> 3.3t lOt and 313 uM ' 



v^uuuuv 




Tolbutamide 


S^Mephenytoin 


Test 


Cone 




/o 




/o 


Article 




rroduction . 


inniDtuo 


rroauction 


inniDnioii 






yimOvulg 


n 


yfinoviiig 








nimtAiii/fnin^ 

111 VWUUMiMMMMj 




nrotein/min^ 




CIC 


333 




NA 


000 + 000 


NA 


VC 


0 1% 


43.0 ±1.4 


0 


3.17 ±0,29 


0 


OMP 


10 


NA 


NA 


1.58 ±0.05 


50 


SFZ 


50 


BQL 


-100 


NA 


NA 


(-) 


0.33 


41.0 ±0.9 


5 


3.03 ±0.03 


4 


halofenic 


1.0 


38.6 ±0.5 


10 


3.01 ±0.07 


5 


acid 


3-3. 


342 ±02 


21 


2.69 ±0.12 


15 




10 


22.7 ±0.6 


47 


2.43 ±0.09 


23 




33.3 


12.7 ±0.2 


71 


1.80 ±0.07 


43 




IC» 


-11335 fiM 


>333ttM 



Values are the mean ± standard deviation of N = 3 samples (VC: N = 6). Abbreviations: 



5 Cone, concentration; 4-OH TB, 4-hydroxytoIbutaniide; 4-OH ME, 4- 

hydroxymephenytoin; OC, chromatogn^hic interferrace control; VC, vdiicle control 
(0.1% m^biinol); NA, not applicable; OMP, omeprazole; SFZ, sul^henazole; BQL, 
below quantifiable limit 
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Table 7: Hepatic microsomal activities of dextromethorphan (CYP2D6) and 
chlorzoxazone (CYPlEl) in male and female human ndcrosomes incubated with (-) 
halofenic add at doses of 0 J3> LP, 3 J, 10, and 33 J pM •• 



Control/ 




Dextromethorphan 


Chlorzoxazone 


Test 


Cone 


DEXFrodnction 


% 


6-OHCZX 


% 


Article 


(mM) 


/nfnol/niB 


Inhibitio 


Production 


Inhibition 






nroteiii/iiiln) 


n 


(Dmol/me 












protein/mln) 




ac 


33.3 


0.00 ±0.00 


NA 


0.00 ±0.00' 


NA 


VC 


0.1% 


111±6 


0 


246±S 


0 


4-MP 


100 


NA 


NA . 


BQL 


-100 


QUIN 


1 


BQL 


-100 


NA 


NA 


(-) 


0.33 


107±4 


3 


238 ±4 


3 


halofenic 


1.0 


110±2 


1 


244±1 


1 


acid 


3.3 


104±3 


6 


239 ±4 


3 




10 


107 ±1 


4 


244 ±6 


1 




333 


ld6±4 


5 


239 ±4 


3 




ICso 


NA 




NA 





Values are the mean ± standard deviation of N = 3 samples (VC: N = 6). Abbreviations: 



5 Cone, concentration; DEX, dextroiphan; 6-OH CZX, 6-hydioxychlorzoxazone; CIC, 
chromatognphic intoference control; VC, vdiicle control (0.1% methanol); NA, not 
applicable; 4-MP, 4-methy^yrazole; QUIN, quinidine; BQL, below quantifiable limit 
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Table 8: Hepatic microsomal activities of testosterone (CYP3A4) in male and female 
human microsomes incnbated wifli (-) halofmic add at doses of 0^, 1.0, 3J» 10, 



Control/ 




Testosterone 


Test 


Cone 


6P^HT 


% 


Article 


(pM) 


Production 


Inhibitio 






(pmoVrng 


n 






protein/min) 




CIC 


333 


0.00 ±0.00 


NA 


VC 


0.1% 


1843 ±9 


0 


KTZ 


5 


32.4 ±0.2 


9i2 


(-) 


0J3 


1816 ±12 


1.5 


halofenic 


1.0 


1851 ± 14 


0 


acid 


3.3 


1810±3 


1.8 




10 


1819±4 


1.3 




33.3 


1816 ±6 


. 1.5 




ICso 


NA 





Values are the mean ± standard deviation of N = 3 samples (VC: N = 6). Abbreviations: 
5 Cone, concentration; 6p*0HT» 6p-bydroxytestosterone; QC, chromatogr^hic 
interference control; VC» vdiicle control (0.1% methanol); NA, not q^licable; KTZ, 
. ketoconazole;BQL, below quantifiable limit. 



Although the foregoing invention has been described in detail for purposes 
10 of clarity of understanding, it will be obvious that certain modifications can be practiced * 
within the scope of the appended claims. All publications and patent documents cited 
herein are hereby mcorporated by reference in their entirety for all purposes to the same 
extent as if each wert so individually denoted. 
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WHAT IS CLAIMED IS: 

1 I. A method of modulating Type 2 diabetes 

2 comprising: administering to said mammal a therapeutically effective amount of the (-) 

3 stereoisomer ofa compound of Formula I, 

4 CXa 

5 0) 

6 whoein: 

7 R is a member selected fiom the group consisting of a hydroxy, Iowa 

8 aralkoxy, di-^lower aOcylamino-lower alkoxy, low^ alkanamido lower atkoxy, 

9 boizamido-lower alkoxy» meido-lower alkoxy^ NMower alkyl-ureido-lower alkoxy» 

1 0 caibamoyl-lower aOcoxy, halophoioxy substituted lower alkoxy^ caxbamoyl substituted 

1 1 phenoxy, caibonyMower alkylamino, N J^-di-lowar allqrlanuno-Iow^ aO^Iamino, halo 

12 substituted low^ alkylamino, hydroxy substituted Iowa alkylamino, Iowa alkanolyloxy 

13 substituted lower aO^amino, urddo, and lower alkoxycaibonylamino; and 

14 X is a halogen; or 

15 a phannaceutically acceptable salt tbmo^ 

16 \^erein the compound is substantially free of its (+) stereoisomer. 

1 2. The method ofclaiml,whaein the compound is a compound of 

2 FoimulaU, 

3 CX, 

4 (0) • 

5 vtitom: 

6 is a monbCT selected from the groiq) coiisisting of a fbsDyl-towa tikyl, 

7 lower alkanamido-loweralkyl, and benzamido-loweraikyL 
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1 3. The method ofclaiml^whorein the compound is (-) 2-. 

2 acetamidoethyl 4-chloiopbenyH3-trifluoromethyl^henoxy) acetate. 

1 4. The method of claim 1 , herein the compound is administered by 

2 intrav^ous infusion^ transdomal deUvety, or oral delivery. 

1 5. The method of claim 1, wherein the amount administered is about 

2 100 mg to about 3000 mg per day. 

1 6. The method of claim 1, wherein the amount administered is about 

2 500 mg to about 1 500 mg per day. 

1 7. The method of claim 1 , wherein the amount administered is about 5 

2 to about 250 mg per kg par day. 

1 8. The method of claim 1 , whom the compound is administered 

2 together with a pharmaceutically acceptable carrier. 

1 9. The method of claim 1 , wfaodn the conq)ound modulates 

2 hypoglycemia by reducmg blood glucose levels in the mammal. 

1 10. The method of claim 1, wherein the compound modulates 

2 hemoglobin A|c in the mammal. 

1 11. The method of claim l,iR^erein die compoimd modulates a 

2 miciovascular and macrovascular complication associated with diab^es. 

1 12. Ihe method of claim 11, wherein the microvascular compUcalion is 

2 retinopadiy, neuropa&y or nephropathy. 

1 13. The method of claim 1 1, wherem the macrovascular compUcation 

2 is cardiovascular disease or peripheral vascular disease. 

1 14. The method of claim 1, wherein the compound modulates 

2 atherosclerosis. 

1 15. The mediod of claun 1, wherein tiie compound prevoits the 

2 development of diabetes m a mammal. 
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1 16. The medK>dofclaiml, wherein tfiecompou^^ 

2 combination with a compound selected from the group consisting of: a sulfonyhirea or 

3 otho^ insulin secretogogue, a thiazolidinedione, a fibrate, a HMG*CoA reductase 

4 inhibitor, a biguanide, a bile acid binding xesin, nicotinic acid, a a-glucosidase inhibitor, 

5 andinsuhn. 

1 17. A method for modulating insuhnresistance in a mammal, 

2 comprising: administering to said mammal a ther^eutically effective amount of the (-) 

3 stereoisomer ofa compound of Formula I, 




4 CX3 

5 a) ^ 

6 wherem: 

7 R is a member selected from the group consisting of a hydroxy, lowor 

8 aralkoxy/di-Ioweralkylamino-loweralkoxy, lower alkanamido lower aft^ 

9 benzamido-Iower alkoxy, ureido-Iower alkoxy, N**lower alkyl-ureido-lower alkoxy, . 

10 caibamoyMow^ alkoxy, halophenoxy substituted lower aOcoxy, carbamoyl substituted 

1 1 phenoxy, carbonyHowier alkylamino, N,N-di-lowcr alkylamino-lower alkylamino, halo 

12 substituted low^ alkylammo, hydroxy substituted lowo^ alkylamino, lower aDcanolyloxy 

13 substituted Iowct alkylamino, ureido, and lower alkoxycarbonylamino; and 

14 X is a halogen; or 

15 a phaimaceutically acceptable salt thereof^ 

16 wherein the compound is substantially free of its (+) stereoisom^. 
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1 18. The method of claim 17, wherein the compound is a compound of 

2 Fomulall, 

3 CX3 

4 (D) 

5 wherein: 

6 is a member selected fipom Ae group consisting of a phenyl-low^ alkyl, 

7 lower alkanamido-loweralkyl, and benzamido-loweralkyl. 

1 19. The method of claim 1 7, whmin the confound is (-) 2* 

2 acetamidoefhyl 4-diloiophrayH3-trifluor6metfaylphenoxy) acetate. 

1 20. The method of claim 1 7, wh^ein the compound is administered by 

2 intravenous infiision* transdomal delivery, or oral deUvery. 

1 21.. The method ofclaim 17, wherein the amount adnunistered is about 

2 100 mg to about 3000 mgp^ day. 

1 22. The method of claim 17, wherein the amount administered is about 

2 500 mg to about 1500 mg per day. 

1 23. The method of claim 17, wherein the amount administered is about 

2 5 to about 250 mg per kg day. 

1 24. The method ofclaim 17, wherein the compound is administered 

2 together with a phannaceudcally acceptable carrier. 

1 25. The method of claim 17, wherein the compound prevents the 

2 development ofinsulin resistance in a mamn^. 

1 26. The method of claim 17, wherein the compound modulates 

2 polycystic ovarian syndrome. 
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1 27. The method ofclaim 17, wherein the compoimd modulates 

2 Iaq)8ired Glucose Tolerance. 

1 28. The method of claim 17, wherein the compound modulates obesity. 

1 29. The method of claim 17, wherein the compound modulates 

2 gestational diabetes. 

1 30. The method of claim 17, wherein the compound moddates 

2 SyodromeX. 

1 .31. The method ofclaim 17, wherein the compound modulates 

2 aOimsclerosis. 

1 32. The method ofclaim 17, wh^ein the compound is administ^ed in 

2 combination with a compound selected fiom the ffoxsp consisting of: a sulfonylurea or 

3 other insulin secretogogue, a thiazolidinedione, a fibrate, a HMG-Co A reductase 

4 mhibitor, a biguanid^, a bile acid binding resin, nicotinic acid, a a-glucosidase inhibitor, 

5 andinsulin. 

1 33. A method ofalleviatinghyperlipidemia in a mammal, comprising 

2 administering to said mammal a thaq)eutically dfective amount of the (-) stereoisomer 

3 ofaconq)ound of Formula I, 

5 © 

6 whereia* 

7 R is a membo" selected from the ffoup consisting of a hydroxy, lower 

8 ara]koxy> di-lower alkylamino-lower alkoxy, lower alkanamido lower aOcoxy, 

9 baizamido-lower alkoxy, ureido-lowCT alkoxy, N'-lowcr alkyl-ureido-lower alkoxy, 

10 caibamoyHowa alkoxy, haloph^oxy substituted lower alkoxy, carbamoyl substituted 

1 1 phenoxy, caibonyMower alkylamino, N,N-di-lowdr alkylamino-lower allgrlamino, halo 
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12 substituted lower alkylamino, hydroxy substituted lower alkylamino, lower alkanolyloxy 

13 substituted lower alkylamino, ureido, and lower alkoxycaibonylamino; and 

14 X is a halogen; or 

15 a phaimaceutically acceptable salt thereof, 

16 wherein the compound is substantially free of its (+) st^eoisomer. 

1 34. The meftodofclaim 33, wherein the conipound is a compound of 

2 Formula!!, 

3 CX3 

4 (n) 

5 whom: 

6 is a member selected from be group consisting of a phenyl-lower aOcyl, 

7 lower alkanamido-lower all^l, and bmzamido-low^ aU^. 

1 35. The method of claim 33, wherem the compound is (-) 2- 

2 acetamidoethyl 4-chlorophenyl-{3-tiijauoiomethy^henoxy) acetate. 

1 36. The method ofclaim 33, wherein the compound is administered by 

2 intravenous infusion, transdCT(ialdeliveiy» or oral delivery. 

1 37. The method ofclaim 33, wherdn the compound lowosdiolesterol 

2 levels, triglycmde levels, or both. 

1 38. The method ofclaim 33, wherein the amount administoed is about 

2 100 mg to about 3000 mg per day. 

1 39. The method ofclaim 33, wherein the amount administoed is about 

2 500 mg to about 1500 mg per day. 

1 40. The method ofclaim 33, wherein the amount administered is about 

2 5 to about 250 mg per kg per d^. 
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1 41. The method of claim 33, wherein Ae compound is administered 

2 . together with a phamaceutically acceptable carrier. 

1 42. The method of claim 33, wherein the compound is administered in 

2 combination with a compound selected from the groiq) consisting of: a sulfonylurea or 

3 other insulin secretogogue, a thiazolidinedione, a fibrate, a HMG-CoA reductase 

4 inhibitor, a biguanide, a bile acid binding resin, nicotinic acid, a a-glucosidase inhibitor, 

5 and insulin. 

1 43. A pharmaceutical composition comprising a pharmaceutically 

2 acceptable carrier and a therqieuticaily effective amount of the (-) stereoisomo: of a 

3 compound of Formula I, 



CX3 

5 (0 

6 whoein: 

7 R is a member selected from the group consisting of a hydroxy, lower 

8 araOcoxy, di-lower alkylamino-lower allcoxy, lower aOcanamido lowor alkoxy, 

9 benzamido-lower alkoxy, ureido-lowCTalkoxyiN*-Iowcralkyl-uieido-lower alkoxy^ 

0 carbamoyMower alkoxy, haloph^oxy substituted low^ alkoxy, carbamoyl substituted 

1 ph^oxy, carfoonyMowor alkylamino, N,N'<ii-lower alkylamino-lower all^lamino, halo 

2 substituted lower alkylamino, hydroxy substituted lower alkylamino, lower alkanolyloxy 

3 substituted lower alkylamino, ureido, and low^ alkoxycarbonylamino; and 
14 X is a halogen; or 

5 a pharmaceutically accqytable salt Ifaera)^ 

6 ^oem &e compound is substantially free of its (+) stoeoisom^. 

1 44. The pharmaceutical conq)osition of claim 43, wherein the 

2 ' pharmaceutical composition modulates Type 2 diabetes. 

1 45. Ihephannaceutica]coiqK>siti(mofc]ahn43,wheremthe 

2 



69 



WO0Q/74tf6 



PCTAJSOO/15295 



1 46. The phannaceutical composition of claim 43 , wfaerein the 

2 pharmaceutical composition modulates hyperlipidemia. 

1 47. The phamiaceuticalconq>ositionofclaim43» comprising a 

2 therapeutically effective amount of tiie (-) stereoisomer of a compound of Fomnula 

3 CX3 

4 (H) 

5 wherein: 

6 is a member selected fiom the group consisting of a phenyMower alkyl, 

7 lower alkanamido-lower aDcyl, and benzamido-lower alkyl. 

1 48. The pharmaceutical composition ofclaim 43, wherein tiie 

2 conq)Ound is (-) 2-acetamidoeti9l 4-chloxophenyl-(3-tzifluoromethy^haioxy) achate. 

1 49. . The phannacaitical composition ofclaim 43 in the form of a tablet 

2 or capsule. 

1 SO. A m^hodoftreating hyperuricemia in a mammal, conq)rising 

2 administering to said mammal a therapeutically eflfective amount of tiie (-) stereoisomer 

3 ofaconq)oundofFormutet 

4 . CX3 

5 (I) 

6 wherdn: 

7 R is a member selected fiom tiie group consisting of a hydroxy, low^ 

8 aralkoxy, di-loweralkylamino-lower alkoxy, lower alkanamido lower alkoxy, 

9 boizamido-lowCT alkoxy, ureido-lower alko}^, IT-lower alkyl-ureido-lower alkoxy. 
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10 caibamoyl-lower alkoxy, halophenoxy substituted lower alkoxy» carbamoyl substituted 

1 1 phenoxy, carbonyHower alkylamino, N J4-di-lower alkylamino-lower alkylamino, halo 

12 substituted lowor aikylamino, hydroxy substituted lower sdkylamino, lower allcanolyloxy 

13 substituted lower aftylamino, urddo, and lower aikoxycarbonylamino; and 



14 X is a halogen; or 

15 a phaimaceuticaOy acceptable salt thereof, 

16 wherein die compound is substantially free of its (+) stereoisomer. 

1 51. The method of claim 50, wherein the compound is a compound of 



2 Fomiulall, 




4 (n) 

5 wherein: 

6 is a memb^ selected from the group consisting of a phenyl-lower allcyl, 

7 lower alkanamido-lower alkyl, and benzamido-low^ allqr. 

1 52. ThemetfaodofclaimS0,whaeintheconq)oundisH2- 

2 ac^amidoelhyl 4^orophenyH3-tnfluorometfaytphenoxy) acetate. 

1 53. Ilie method ofclaim 50, wherein (he con^K>und is administered 

2 togeth^wiA a pharmaceutically acceptable carrier. 
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